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REAGENTS and REACTIONS 


recent progress 


Forsteroid enzymatic 


digestion blood and urine often 


proves superior old-fashioned acid 
hydrolysis. With the 
steroid nucleus can split from its glucuronide 
conjugate: gently, specifically, accurately. re- 
cent Laurentian Hormone Conference, many in- 
vestigators agreed the advantages this new 
method. But they also stressed the importance 
While and 


spleen glucuronidases may give inadequate, vari- 


using reliable reagent. bacterial 
able recoveries, participants from the University 
Minnesota showed that “of all the glucuroni- 
Warner-Chil- 


Ketodase (beef liver was 


dase preparations the market,” 


“the only fully effective 


performance statistics 


million individual coils, more than 


miles over-all length, filter al- 


most gallons fluid each day. 
This amazing apparatus known 
the human kidney. check its performance, 
plasma inulin clearance regarded one the 
most accurate tests, because inulin completely 
filtered the glomeruli without tubular excretion 
reabsorption. 10%, Warner-Chilcott 
sterile, pyrogen-free, and contains less than 0.5% 
fructose. The first two points are taken for granted 
parenteral material; the third essential for 
accuracy. procedure leaflet, outlining the inulin 


clearance test, now available upon request. 


matter choice 


Like practice your dialyzing tech- 
nic? Not unless you have to! Hours 
dialysis are required with pre- 
viously available 
rations remove enough citrate and make the 
fibrinogen fit for prothrombin consumption tests 
coagulation research. (Citrate could also 
neutralized adding excess calcium upset- 
ting the critical ion balance.) the other hand, 


there fibrinogen available that’s free citrate 


the first place, Fibrinogen 
This purified, bovine fibrinogen ready for use 
with only the addition distilled water. citrate 


potency. The choice yours. 


word caution 


The new radioactive tracers help 
but 


necessarily the hospital labora- 


many research problems not 

tory, according MacFadyen, 
Specifically, “measurement blood volume 
means erythrocytes labeled with radioactive 
advantages over measurement 
means dyes, T-1824 for Warner- 
Evans Blue (T-1824) matches any tracer 
technic accuracy and has never shown toxicity 
over years clinical experience. the 
other hand, carcinogenic activity and pro- 
tein changes albumin made radioactive with 
were recently The Evans Blue technic, 
“readily mastered the average 
outlined new simplified procedure booklet 
(check coupon below). 


1. Recent Progress in Hormone Research, New York, 


Academic Press, Inc., 1954, vol. 9, pp. 44, 411, 440. 


2. Yearbook of Pathology and Clinical Pathology, 
Chicago, The Year Book Publishers, Inc., 1953-1954, 
p. 262. 3. J. Clin. Investigation 32:246 (Aug.) 1953. 


Ibid. 33:136 (Feb.) 1954. 4. Proc. Soc. Exper. Biol. & 
Med. 86:266 (June) 1954. 5. Surg., Gynec. & Obst. 
7:709 (Dec.) 1953. 


Warner-Chilcott reagents are locally available through 
leading laboratory supply distributors. 
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MORE AND MORE LABORATORIES 


Rely THOMAS 


You select from 1736-page catalogue and supplement 

encyclopedic reference source with factual, detailed descriptions. 
You deal with headquarters 

All orders filled promptly from one vast warehouse. 

Competent technological staff call. 


You draw large stocks 
Adequate stocks 22,000 prepackaged items for immediate shipment. 
Widest assortments Corning, Kimble and Coors items available from 
any single source. 

You save time and money 
Expediting unnecessary 83% orders shipped day received 
day following. 
Accurate invoices and packing lists. 
Adequate packing which keeps breakage less than 1/20 1%. 


Advance quotations unnecessary policy insures lowest 
prices all buyers. 


You are assured satisfaction 


Stocks carefully selected and continually inspected for dependable 
quality and satisfactory performance. 
Prompt refund for any item found unacceptable for any reason. 


ARTHUR THOMAS COMPANY 


WEST WASHINGTON SQUARE PHILADELPHIA PA, 


Teletype Services: Western Union WUX and Bell System PH-72 
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Note Students 
Medical Technology 


which reacts weakly routine slide 
tube tests that it easily can be mistaken ‘ 


for negative. can detected readily 


and accurately, however, by the Indirect 

Coombs Test performed with sensitive 
and specific Anti-Rh. (Anti-D) Typing Serum 

and Anti-Human Serum. 

For certainty in identification of DY, the two 

testing serums must specific containing 

traces non-specific antibodies. 


With Hyland testing serums 
you can rely on required specificity — 
plus speed and quality reaction. 


HYLAND LABORATORIES 
‘Hyland 4501 Colorado Bivd., Los Angeles 39, Colif. 


252 Howthorne Avenve, Yonkers, N. Y. 


Available: Anti-Humoan Serum 
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Automatic 
RECORDING SPECTROPHOTOMETER 


Model 


The P&I Recording Spectrophotometer RS-3 converts your present man- 
ual Beckman more sensitive line operated automatic record- 
ing instrument low cost. 


High accuracy—stability—resolution simplify and accelerate compound 
identification and permit quantitative studies analytical procedures, 
rapid kinetics, extinction coefficients, and differential colorimetry. 


Only the P&I RS-3 provides ALL these unique features: 


Linear Wavelength Uninterrupted scan, 
special charts tapes. 210-750 mz. 
moving light sources 
Stable Zero Line Automatic 


every 
Low-Med-High Scan Speeds 
Time Scale for Kinetics 
Constant resolution Line Operated 
For details, write: 


PROCESS INSTRUMENTS 


Stone Ave., Brooklyn 33, 


Both O.D. Abs. are linear 
stand. high sens. scales 


Pend. 
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actual use proves 
CONVENIENT! 
EFFICIENT! 
the popular 
designed the Nalgene* polyethylene pipet basket 
incorporate all the many features asked for 
our customers. wonder popular! has 
everything needed for handling pipets and small 
glass items during soaking and washing. 
Fabricated from resilient, light-weight, chemically 
resistant polyethylene with perforated screen re- 
cessed 34” into the base for complete drainage. 
The carrying handle made metal completely 
sealed polyethylene. All parts, including straps, 
body and perforated bottom are made thick poly- 
ethylene for rigidity and long life. 
TWO SIZES: for use with Jar and size 
for use with 18” Jar. 


* Brand name for Nalge’s Polyethylene ware. 


PRICES 


BASKET # 1241 JAR #1242 


SIZE $15.50 $10.50 
SIZE 16.50 13.25 


Orders accepted separately or in sets. 


Quantity discounts 


Ask for our newest bulletin 
Nalgene Polyethylene ware. 


Inc. 
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Original manuscripts will considered for publication with the understanding 
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The original (on bond paper) and first carbon the manuscript should 
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used current issues this journal. Journal abbreviations should conform 
the style Chemical Abstracts. The accuracy the references and the provision 
adequate bibliographic data are the responsibility the author. 

reasonable allowance made for black and white line cuts and tabular 
composition. this allowance exceeded, halftones color plates are re- 
quired, special arrangements will have made with the Chairman the 
Board. 
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Every rigidly standardized lot (checked against 
both normal and dicumarolized human 
ready for use needs only mixed with 
calcium chloride solution required there 
waste. assure sensitive, reproducible end 
points, Solu-Plastin may used any the 
standard techniques Quick one stage; two 
stage; modified Owren. 

Solu-Plastin retains full activity indefinitely 


Write also for the progress Schief- 
felin’s (C-reactive Protein Anti- 
serum Schieffelin) aid evaluation 


anti-inflammatory therapy. 


(Thromboplastin 


ACCURATE 
DEPENDABLE 
CONSISTENT 


prothrombin activity determinations 


and yields relative uniform curves from lot lot.” 
Pascale, L. R., and Olwin, J. H.: Circulation 9:230 (Feb.) 1954. 


somewhat shorter time 


temperature 
higher temperatures. 


Bottles (100 determinations) 
with like amount 0.0125 calcium chlo- 
ride solution. 

Easy-to-follow wall Directions Cards, useful 
Prothrombin Determination Records and full 
literature will supplied request. Write 
your name and address the margin this 
advertisement return to: 


Pharmaceutical and Research Laboratories 
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BENDER AND HOBEIN 


These truly outstanding and thoroughly tested APPARATUS FOR PAPERELECTRO- 
PHORESIS were developed close cooperation with GRASSMANN and asso- 
ciates whose extensive experience this field reflected every detail de- 
sign. Many unique features are PATENTED and cannot found other makes. 


ELPHOR chambers (large small) 

ELPHOR and continuous separators, capacity and fractions 
ELPHOR automatic scanner and integrator 

TRANSPAVAK vacuum transparentizer 

CHROMATOPART automatic fraction collector 


TRANSPAVAK 


Prompt Delivery! 


For prices, technical 
information, service 
write 
378-380 Great Neck Rd. 


HAND SPECTROSCOPE 


MADE WEST GERMANY 


with direct-vision prism, wave-length scale and comparison prism 


For clinical hemoglobinometry and all other uses 


where quick, easy observation all absorption and 
emission spectra the visible region are essential. 

the brightest section the spectrum and using 
narrow slit, all spectral lines will resolved 

separated more than The reading accuracy 


Write for free detailed literature. 


CARL ZEISS, INC. Fifth Ave., New York 17, 
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been keyed the Beckman manuals; its listings are confined solely offerings for 
use the manual procedures. Stable Dry-Pack Reagents are recommended 
replacement unstable solutions required many the procedures. 
hope privileged serving you. 


Address 5821 Market Street, Philadelphia 39, Pa., 
Harleco Publication No. 484-1, “Reagents and Stand- 
ards for the Beckman Colorimeter and Spectro- 
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low cost synthetic control serum 


LAB-TROL 


for accuracy control 
blood chemistry tests 


LAB-TROL sterile, synthetic with known values LAB-TROL, 
serum known value for checking the instrument reagents procedure 
common blood chemistries: total pro- should rechecked. 

tein, glucose, NPN, blood urea nitrogen, LAB-TROL also contains human syphilis 
chlorides, calcium-total, sodium, reagin (antibody), designed for test 
B-TR potassium, etc. major importance, with antigens—gives (4+) reactions. 
LAB-TROL values remain constant packaged vials (3.5 per vial 
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the accuracy test and 
technique. results not 
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SEQUENTIAL 
TESTING FOR 
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The new Norelco Flame Photometer designed for 
simple, speedy analysis and ideally suited for the 
busy laboratory. sturdily constructed and work- 
ing parts are designed virtually eliminate 
the possibility mechanical failure. 

Greatly improved over standard designs, the new unit 
dispenses with phototubes and associated electronic 
amplication. The photometer incorporates durable. 
highly sensitive barrier-layer cells and other improve- 
ments which combine form depend- 
able unit. 


operation, the Flame Photometer pre- 
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cludes the necessity separate runs and dilutions for 
sodium and potassium, means individual sensi- 
tivity and zero controls. Elements are determined 
sequentially from single specimen passes through 
the instrument. Separate photocells are provided for 
each element and are activated selector switch 
the front panel. The system use indicated 
light eliminating possible errors. The flame auto- 
matically ignited simple push-button. 

For detailed information this new and novel 
Flame Photometer, write today! 


Serving Science 
and Industry 


COMPANY, INC. 


750 South Fulton Avenue, Mount Vernon, N. Y. 
In Canada: Rogers Majestic Electronics Ltd., 11-19 Brentcliffe Road, Leaside, Toronto 17, Ontario 


Flame Photometer 


From National Instrument Co. 


New! Safe way sterilize 


loops and needles 
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PROTECTS PERSONNEL 
EASY USE 


Now! For the first time, completely safe 
method for sterilizing chrome platinum loops 
and needles. The MICROB-INCINERATOR 
must any laboratory handling Tubercu- 
losis other infectious material that might 
splatter contact with open flame. Proven 
safe months exhaustive tests Gov- 
ernment research laboratories. Write today for 
Bulletin J-5 


SERUM PROTEIN 
DETERMINATIONS 


SECONDS! 


the laboratory! 
the bedside! 


Pocket size Reads 0-12% protein 0.2% with- 
out interpolation Direct reading charts 
calculations Adjustment knob automatically 
compensates for temperature variations 
reagents required Budget priced Request 
Bulletin K-5 


NATIONAL INSTRUMENT CO. 
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KLINE TEST ANTIGEN 


Prepared with Cardiolipin-Lecithin 


Ref. American Journal of Clinical Pathology 
16: 68-80, 1946 
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This superior antigen is compounded from LaMotte Cardio- 
lipin and Lecithin manufactured under license from the New York 
State Department of Health under the Pangborn Patent, all lots 
of which must be approved by them. 

Dr. B. S. Kline, author-serologist, under an exclusive arrange- 
ment with the LaMotte Chemical Products Company, formulates 
and standardizes each lot of Kline Test Antigen, prepared with 
Cardiolipin and Lecithin. This guarantees a product of uniform 
sensitivity and specificity at all times. Only antigens from lots 
thus approved are released for distribution. 

Standard Kline Antigen originally furnished is also supplied 
and there is virtually no change required in the laboratory tech- 
nic for the two types. 

Prices are the same for both the Kline Test Antigen and the 
Standard Kline Antigen and both antigens are furnished in 1 ml. 


2 ml., and 5 ml. containers. 


LAMOTTE CHEMICAL 
Dept. 


PRODUCTS COMPANY 


Towson, Baltimore Md. 


3-Hydroxy-2-N aphthaldehyde 


Protein Bound Amino Groups 
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beta-Naphthyl Acetate, 6-Bromo-2- 
Naphthyl Acetate 

Usage: Acetylcholinesterase 

Ref: Pharm. Exp. Therapeutics 
(1953) 


Phos- 
phate 

Usage: Phosphatase 

2-(4’-Hydroxy Benzeneazo) Benzoic 

Usage: Albumin Blood 

Ref: Clinical Invest. 33, 211 (1954) 
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HAEMO- 


100% effective repeated use 
Will not etch glass 


variables, save 
time with Haemo-Sol; strips tubes and 
vessels proteins, oils, fats and all other 
soils, leaves laboratory glassware not merely 
C-P but absolutely clean. Haemo-Sol com- 
pletely rinsable, completely soluble, has low 
surface tension and controlled pH. 
leaves residue, especially valu- 
able the most exacting titrations and 
tests. Cleanse with Haemo-Sol for consist- 
ently accurate results—always. 


Literature and samples request. 


Ask about your special 
cleaning problems. 


MEINECKE COMPANY, Inc. 


225 Varick Street, New York 
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lectrophotometer 


The Fisher CLINICAL Electrophotometer colorimetric instrument for the rapid and 
accurate quantitative determination constituents biological fluids. the essential 
instrument for chemical and biochemical colorimetric analyses. 


This brand new instrument was developed around the successful background the Fisher 
Electrophotometer, the widely accepted instrument for colorimetry the chemical field. 


line-operated (no batteries required) and uses balanced 
circuit which compensates for line voltage fluctuations and 
other variables. 


extremely versatile and very simple and convenient 
operate. very complete manual included with the CLINICAL 
Electrophotometer which provides easy-to-follow instructions 
for operation the instrument, wide variety methods, and 
lists solutions and apparatus required for each method 


Precise 
easy 
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tion the Shock and Hastings Technic 
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Andre Kibrick and Skupp 


Iodine and Thiocyanogen Numbers the Fatty Acids Blood 
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QUICK 
WAY 
CHLORIDES 


volumetric flask with mls 

water. 

this serum sample the cell 
your Patwin Electro-Polarizer. 
Insert the two electrodes. 

Turn the dial the appropri- 
ate potential. 

The reading the galvanom- 
eter, compared your standard 
curve, gives you the concentration 
chloride the serum sample. 


ACCURATELY! 


PATWIN INSTRUMENTS Division 
The Patent Button Company, Waterbury 20, Conn. 


Please send additional information about the Patwin R-1 Electro-Polarizer. 


Chloride determinations are done matter 
minutes and accurately with the 


Patwin Electro-Polarizer. 


Accuracy with micro and macro techniques 


has been proved research centers. 


addition its usefulness the determin- 
ation chlorides, the Patwin Electro- 


Polarizer can also used Steroids, 


Oxygen, Proteins, Alkaloids and Metals. 


PATWIN INSTRUMENTS Division 
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Simultaneous Determination pH, CO, Content, 
and Cell Volume 0.1 ml. Aliquots 
Cutaneous Blood 


Modification the Shock and Hastings Technic 


Richard Singer, Jane Shohl, and Dolores Bluemle 


1934 SHOCK AND (1) described the construction and use 
micropipet, means which blood 0.1 ml. aliquots could used 
for the simultaneous determination pH, content, and red cell 
volume. this method the blood two pipets was diluted 2.0 ml. 
with saline-phenol red solution, centrifuged, and used first for the de- 
termination hematocrit value, second for the colorimetric determina- 
tion visual comparison with previously prepared standards, 
and last, for the determination content whole blood the 
manometric Van Slyke apparatus. One two additional pipets were 
filled with blood and 0.9% serve color blanks. sample 
size 0.5 ml. less thus sufficient for the determination all three 
factors duplicate, and cutaneous blood may therefore utilized 
easily obtainable substitute for arterial blood. The method particu- 
larly useful for the study acid-base balance infants. 

Although the original method suitable for most clinical purposes, the 


From The Departments Research Medicine and Biochemistry, School Medicine, 
University Pennsylvania, Philadelphia, Pa. 

This work was aided grants from the Committee for the Advancement Research and 
the Mahlon Kline Fund for Development the Department Medicine, the University 
Pennsylvania, and the Life Insurance Medical Research Fund. 

Present addresses: 501 Boylston Street, Boston, Mass. (R.B.S.) and 2010 Boxwood 
Drive, Broomall, Pa. (J.S.). 

Received for publication May 11, 1955. 
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following modifications were found, after thorough trial, offer certain 
advantages operation and improvements accuracy. The need for the 
preparation and checking large set bicolor standards has been 
eliminated adapting the micropipet such way that the optical 
density the unknown can compared with the optical density 
phenol red solution phosphate buffer known pH, suitable filter 
photometer. similar method photometric estimation blood 
plasma standard colorimeter tubes has been described Van 
Slyke, Weisiger, and Van Slyke (2). obviate the difficulty filling 
the stem the micropipet with blood under oil, without accidental 
admixture the latter, utilized the method collection and handling 
blood proposed Lilienthal and Riley our hands this resulted 
more accurate measurement the 0.1 ml. aliquot blood, crucial 
factor any microtechnic. Since the technic thus modified has proved 
its value five years use the Hospital the University Penn- 
sylvania, has seemed worthwhile describe the modifications detail 
encourage wider clinical application the technic. Evidence will 
also presented support the accuracy the determinations and the 
validity handling blood samples way that appears violate tradi- 
tional anaerobic methods. 


RELATIONSHIP BETWEEN AND PHOTOMETRIC MEASUREMENT 


The basic principles involved the adaptation method utiliz- 
ing indicators from visual colorimetric photometric measurement 
have been reviewed Van Slyke al. (2). Phenol red behaves like 
monovalent weak acid, that the dissociated salt and undissociated 
acid components are related the the solution the familiar 
Henderson-Hasselbalch equation: 


(PR-) 
(HPR) 


The total concentration indicator, (PR), the sum 
and (HPR), kept very much less than the final buffer concentration 
the mixture the indicator solution with test solution, such blood 
phosphate. therefore possible for the salt-acid ratio the indi- 
cator adjust the the test solution virtually without alteration 
the latter. 

Indicators like phenol red have the further property both the dis- 
sociated and undissociated forms possessing distinctive colors solu- 
tion. The alkaline form, phenol red deep purple color, and 
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the acid form, HPR, yellow. Each form has characteristic spectro- 
photometric absorption curve (4). the range 6.7 8.6, mixture 
the salt and acid forms gives continuous series intermediate colors, 
which can analyzed visually comparison with prepared standards 
spectrophotometrically making absorption curves readings 
two crucial wavelengths. The absorption curve for the alkaline phenol 
red has maximum 560 and that for the acid form, maxi- 
mum 430 with virtually zero absorption 560 

reading optical density light extinction phenol red solution 
varies almost linearly with the concentration alkaline phenol red, 
when filter photometer with green filter transmitting about 540 
560 used. The diameter the colorimeter tubes and other param- 
eters must constant maintain this relationship. solutions 
which the total phenol red concentration known and constant, the 
photometer reading can therefore related through the concen- 
tration, and the factor Equation series phosphate 
buffer solutions containing the proper amount phenol red read the 
photometer, and calibration curve prepared for optical density 
extinction against the known values (2). convenient use 
photometer such the Klett-Summerson, which the scale reading 
proportional optical density rather than transmission. 


APPARATUS 


Micropipets the Shock and Hastings design, with certain dimensions 
specified that the pipets can easily centrifuged and also placed 
uniform and suitable position the photometer. Critical dimensions 
the micropipets used originally our work are shown Fig. This 
design required the drilling hole the bottom the cuvette tube 
holder the photometer, and insertion cork spacer the inside 
the bottom cover for the purpose aligning the pipet bulb vertically 
with the light aperture the holder (see Fig. 1). The hoie does not inter- 
fere with the use the ordinary photometer tubes the holder. How- 
ever, avoid the need for this modification, the micropipet has been 
redesigned the supplier. The model currently available fits directly 
into metal adapter which can easily inserted into removed from 
the standard tube holder the Klett-Summerson filter 

filter photometer, capable receiving the pipets and matching tubes 
about mm. outside diameter. Klett-Summerson instrument was 


The adapter and micropipets made accordance with such specifications are obtain- 
able from Arthur Thomas Co., Philadelphia, Pa. 
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Adhesive Tape 


Inverted micropipet tube 
holder Klett filter 
photometer. Stem graduated 
0.005, contain ml. 


not exceed mm. 


Length 
140 mm. 


Cylindrical part bulb: 
Light not exceed 14mm. 
Path Length mm. 


Hole 6.5 mm. diameter 


floor tube holder 


Cork bottom cover 
align bulb with 
light aperture 


Fig. Sketch cross-section, showing principal dimensions original modification 
the Shock and Hastings micropipet, and position micropipet the cuvette holder the 
Klett-Summerson filter photometer. The walls the cylindrical part the bulb should 
clear giass, uniform thickness, and free defects. The actual outside diameter 


Aperture 
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used all our work.? Although the micropipet was modified specifi- 
cally for use this photometer, might used any filter photometer 
spectrophotometer, provided that could positioned with the 
light path restricted the cylindrical part the bulb. 

Test tubes for use photometer tubes, matched nearly possible 
the internal diameter the micropipets (see specifications Fig. 1). 
These can selected from quantity round-bottom Pyrex test tubes 
outside diameter 12.5 mm. and 100 mm. length. 

small water bath set 38° and provided with rack hold micro- 
pipets and small photometer tubes. 

centrifuge with four brass shields (cups) standard outside dimen- 
sions about 120 mm. mm. angle centrifuge cannot used be- 
cause the stem the micropipet likely break. satisfactory small 
centrifuge the Clay-Adams Standard Safeguard centrifuge, Model 
No. CT-1110, having maximum speed 2600 rpm. 

Heavy rubber bands, approximately mm. long and mm. wide. 

Syringes. 1-ml. tuberculin syringe and 26-gage hypodermic needle 
for measuring the heparin solution; several 2-ml. syringes for collecting 
blood samples, with metal caps (Becton-Dickinson No. 425A); several 
20-ml. syringes for storing solutions. 

Collecting tips for the 2-ml. syringes, made from piece single bore 
rubber stopper about mm. length, with hollow cup ground 
one end. 

for use filling the micropipet from the2-ml. or20-ml. syringes, 
made from pressure tubing bore and 14” wall. The pieces are 
mm. length and must cut with sharp knife that the ends 
are 

Rubber adapters center the stem the micropipet the centrifuge 


The instrument available for our use happened early model that differs from 
current models its optical system and the galvanometer. For ease reading, box- 
type spot galvanometer had been substituted for the needle galvanometer that standard 
part the Klett-Summerson instrument. However, the pipets have been successfully used 
many other unmodified photometers this manufacture. Any model can used long 
the light aperture the adapter, when position, within the light aperture the in- 
strument. 


the bulb averaged about mm. further improvement design, made 
Arthur Thomas Co., incorporated the current model the micropipet. The neck 
has been shortened that unnecessary modify the Klett instrument drilling 
hole the floor the tube holder, shown above. removable metal sleeve has also 
been made available slip into the tube holder. The purpose this ensure accu- 
rate dimensions the aperture and proper centering the pipet. 
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shield. For use the shields specified previously, these are made from 
pressure tubing 14” bore and wall, and are mm. length. 


CALIBRATION 


The volume contained the stem each micropipet the nominal 
0.1 ml. mark should checked order insure accuracy sample 
measurement. This calibration can carried out the nearest 0.0005 ml. 
weighing the measured volume mercury, titrating with dilute 
alkali the measured volume standard acid and several rinsings 
the stem, use calibrating microburet. 

The micropipets and selected matching test tubes must also cali- 
brated with respect their photometer reading, both low and high 
readings. The micropipet placed the holder bulb down, and pipets 
and test tubes are always rotated that the identifying mark faces the 
front the instrument. With the green filter place (Klett No. 54) 
readings are made (a) with water and (b) with alkaline phenol red 
solution 3.75 one similar optical density. convenient 
estimating the water corrections make the original balance point with 
scale setting +10 divisions the Klett instrument, since readings 
are not possible the negative side the zero setting. re- 
produce scale readings within one two divisions the Klett, large 
correction values, may indicate that the aperture not centered properly 
with respect the cylindrical part the bulb. 


REAGENTS 
For Collection Blood 
Mercury, clean and free acid alkali. 
Heparin sodium, 0.9% NaCl solution (Abbott No. 3672). 
For Hemoglobin Determination 


0.1% solution Gm. per liter). 
0.012M Dissolve 2.998 Gm. and 
dilute liter with approximately 


For Use Micropipets 


Phenol red, 0.1% stock solution. Grind Gm. phenol red with 28.2 
ml. NaOH until dissolved and dilute liter with distilled 
water. Filter necessary. Allow stand several days before using. 
Store refrigerator. 


} 
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Phenol red, working solution. Dilute ml. 0.1% phenol 
red liter with boiled distilled water. Store 

NaCl, 18% stock solution. Dissolve 180 Gm. NaCl and dilute 
liter with distilled water. Store refrigerator. 

Saline-phenol red solution. Dilute 10.5 ml. 0.0075% phenol red and 
5.0 ml. 18% NaCl total 100 ml. with boiled distilled water. 
This solution should freshly prepared least once week and, 
until used, stored closed container 100 ml. buret with 
soda lime tube the top. 


For Determination 


(as described Peters and Van Slyke (5)) 

Caprylic alcohol. 

Lactic acid. stock solution, stored refrigerator. 

0.1N Lactic acid. Prepare fresh, free and air. 

18N Sodium hydroxide (saturated). stock solution. 

Sodium hydroxide. Prepare dilution 18N so- 
dium hydroxide with boiled distilled water. The solution must 
fresh and air-free. The solution more stable because lower 
solubility for gases (5, 284), but causes more rapid stopcock de- 
terioration. 


BUFFER STANDARDS AND CALIBRATION CURVE FOR MEASUREMENT 


Stock solutions M/3 (47.33 Gm./L.) and M/3 
(45.36 Gm. per liter). These solutions are prepared dissolving the 
anhydrous reagent grade freshly boiled redistilled water, and are 
stored the refrigerator glass-stoppered Pyrex bottles. This concentra- 
tion has been reduced from that used Van Slyke al. lessen the 
amount crystalline precipitation the cold. Since the alkaline 
tends pick exposed room air, the bottles are un- 
stoppered only the time preparing desired solutions. The stock solu- 
tions appear stable for least two years. 

phosphate solutions. These are prepared the proportions 
indicated Table that the indicated will obtained when each 
20° the will 0.03 higher than the figures shown Table for 37°. 


Merck Company provides anhydrous salts high purity specially processed for 
buffer solutions. 

The concentrations Gm./L. given Van Slyke al. page 746 this reference 
(2) actually refer molar concentrations, not 0.5 molar, stated. 
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Based data Hastings and Sendroy (6) 


6.79 6.79 1.000 33.3 0.133 
6.80 6.79 1.025 33.7 32.9 0.135 
7.00 6.78 1.660 41.7 25.0 0.150 
7.20 6.77 2.68 16.1 0.164 
7.40 6.76 4.35 54.3 12.4 0.175 
7.60 6.75 7.05 58.3 8.3 0.183 
7.80 6.74 11.42 61.3 5.4 0.189 
8.00 6.73 18.50 63.3 3.4 0.193 


measurements with the electrode, referred 1.08 for 0.1N 
38°. The same values can used 37°. 

These figures for final concentration the buffer components, any suitable multiple 
fraction thereof, can used the number ml. each M/15 salt solution required 
for the preparation the M/15 phosphate buffer stated pH. 

where the concentration each ion, and the valence that ion. 
desired, 10.00 ml. M/3 solution should mixed with 10.00 
43.5 ml. M/3 final volume 66.7 ml. sufficient for 
each mixed phosphate solution, the figures for the ultimate concentra- 
tions and (in mM/L., Table columns and can 
used for the number milliliters for each solution. These solutions are 
also stable stored Pyrex bottles the refrigerator. The and pK; 
taken from the experimental results Hastings and Sendroy (6) and are 
based electrode measurements 38°. They are identical with the 
ones used Van Slyke al. (2). There significant difference 
pK; due use temperature 37° rather than 38°. 

Standard phosphate buffers. Measure 20.00 ml. mixed phosphate 
buffer, 10.00 ml. the working solution phenol red (75 mg./L.) into 
100 ml. volumetric flask and dilute 100.0 ml. with freshly boiled redis- 
tilled water. This gives standard M/15 phosphate the designated 
37° containing 7.5 mg./L. phenol red. Although such standard solu- 
tions are not stable the more concentrated phosphate mixtures, 
have observed significant change photometer reading and over 
periods long two months, the solutions are kept Pyrex bottles 
the refrigerator when not use. 
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Calibration curve. least two calibrated pipets test tubes are filled 
for each standard buffer solution. the pipets are used, the tips are dried 
and covered with adhesive tape described con- 
venient use one the matched test tubes permanent water blank 
for the zero setting the photometer lieu calibrated pipet. Each 
buffer solution must heated 38° before reading the photometer 
with green filter, maximum transmission 540 mu. the length time 
necessary place pipet test tube the photometer and obtain 
reading, the fall temperature generally more than 1°. The zero 
setting checked with the water blank after each reading; readings may 
repeated, desired, after rewarming. The appropriate pipet tube 
correction subtracted from each reading, and graph constructed 
the mean photometer reading against pH. 

has been our practice recheck the complete calibration curve only 
infrequent intervals. However, the level the curve checked with 
each determination reading least one buffer, usually the one 
7.40, and stable, colored reference solution, the 
used the hemoglobin determination. The level the curve set this 
buffer reading usually does not vary more than two three scale divisions 
from day day. 

Because the pK’ phenol red the saline-plasma mixture differs 
slightly from the pK’ phosphate buffer, becomes necessary apply 
correction the reading the unknown solution make corre- 
spond the buffer calibration curve. The pK’ phenol red various 
salt solutions has been accurately determined Sendroy and Hastings 
(7); values for the M/15 phosphate buffers and 0.9% NaCl solution (with 


Based data Sendroy and Hastings (7) 


pHi at 38°C. PK’ POs buffer pK’ 0.9% NaCl Difference* | pH Range at 37°C. Correction? 

6.80 7.658 7.618 +0.040 under 6.94 —0.04 
7.00 7.628 +0.03 
7.20 7.660 7.637 +0.023 | 7.19-7 .42 —0.02 
7.60 7.651 +0.011 0.00 
7.80 7.660 +0.003 over 7.91 +0.01 


Difference between pK’ phenol red M/15 phosphate buffer and pK’ solution 
containing 124 mM/L., NaCl and mM/L. the stated pH. 

Correction applied the read with 0.9% NaCl solution diluent, order 
allow for the difference pK’ phenol red this solution compared with the M/15 
phosphate buffer standards. 
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buffer) are shown Table taken from their work. 
The correction given for various ranges observed pH. Ordinarily this 
correction has been ignored negligible the past, but for the most 
accurate work should applied. 


PROCEDURE 


syringe ml. capacity, graduated 0.1 ml., used for the blood 
collection. constant amount, 0.05 ml., heparin saline solution 
measured tuberculin syringe and then injected through 26-gage 
needle into the barrel the ml. syringe. After ejection the air, about 
0.3 ml. mercury drawn into the syringe and the rubber collecting tip 
attached it. 

Two greased syringes ml. capacity are used for filling the micro- 
pipets with diluent. satisfactory grease for the syringes Arthur 
Thomas grease; silicone grease too alkaline for this purpose. 
used the control pipets, drawn into one syriage and the saline-phenol 
red solution into the other. rubber adapter which will serve con- 
necting piece between syringe and pipet attached each syringe. Be- 
fore filling the pipets, the saline-phenol red solution adjusted visually 
7.4 0.2 adding fractional drop dilute alkali acid. 


Collection Blood Sample 


produce peripheral vasodilatation and fully cutaneous 
blood, the patient’s hand (or the heel infants) first placed warm 
water 45° for 3-5 minutes. sterilized spring lancet blade used 
make the finger cut. Blood collected the rubber funnel tip falls 
drop drop from the finger and drawn into the syringe. The flow 
blood should free, but gentle pressure may applied necessary. The 
initial air bubble, any, ejected and the syringe shaken gently mix 
the blood with the heparin the collection proceeds. About ml. blood 
should collected 1-3 minutes. the first cut does not supply enough 
blood for the sample, second cut may made and the blood pooled with 
that the first cut. The total amount blood must noted the 
nearest 0.05 ml. that the heparin dilution can calculated. The rubber 
collecting tip the syringe replaced metal cap. The syringe 
placed cap down beaker ice. When the procedure properly car- 
ried out, the exposure blood air during collection without sig- 
nificant effect the and content. 

Instead the fingertip, the ear lobe can used source cutane- 
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ous blood, after warming dry heat described Lilienthal and 
Riley (8). 


Determination Hemoglobin Concentration® 


The collecting syringe shaken gently for thorough mixing. The metal 
cap removed and the blood the syringe tip discarded. rubber 
syringe adapter attached the syringe tip. drop blood forced 
from the syringe and drawn suction into 0.02 ml. (20 cu.mm.) 
pipet calibrated contain that amount. This sample delivered into 
photometer tube containing 5.0 ml. 0.1% solution. The pipet 
rinsed several times with the solution and the tube stoppered 
and inverted repeatedly. tube containing 0.012M 
used standard. The solutions are read photometer against dis- 
tilled water blank. 540 (green) filter used. 


Reading 


volume blood volume heparin 


volume blood 
Reading 
volume blood vol. heparin 15.6 


volume blood 


The factors 9.34 and 15.6 these equations are derived from the data 
Drabkin (8), who proposed the use standard 
solution for photometric estimation hemoglobin and other pigments. 
the Klett-Summerson photometer with 540 filter, Drakbin found 
ratio 0.963 for the reading standard hemoglobin solution (8.98 


detailed description given for the hemoglobin determination because this 
slightly better index blood nonbicarbonate buffers than the packed cell volume, and 
because the reference standard can used check the photometer reading the phenol 
red solutions. our hands the copper sulfate photometric standard was stable and re- 
producible, and gave good results. However, more recent work Drabkin and others 
behalf the National Research Council has indicated that slight variations may occur 
the water content the crystalline that make undesirable primary 
photometric standard. Published recommendations have appeared this journal, Vol. 
page 151, determine hemoglobin cyanmethemoglobin, with the use stable, pri- 
mary cyanmethemoglobin standard that now available through Division Medical 
Sciences, National Academy Research Council. The use this new 
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mM./L. 15.00 Gm./100 ml., diluted 1-251) and the reading 0.012M 
copper sulfate standard. The reading the standard, which varies some- 
what from instrument instrument, and serially the same instrument, 
therefore corresponds that solution containing 8.98/0.963 9.34 
mM./L. hemoglobin, 15.00/0.963 15.6 Gm./100 ml. hemo- 
globin, after dilution 


Filling Micropipets 


Before filling each micropipet with aliquot the blood sample col- 
lected, the collecting syringe shaken gently and small portion blood 
discarded touching clean cloth the blood surface. The calibrated 
end the micropipet placed end end against (not inside) the rubber 
adapter, and blood forced carefully from the syringe until the pipet 
filled slightly beyond the 0.1 ml. mark. Manipulation facilitated 
holding the barrel the syringe and the pipet the left hand while the 
right hand slowly pushes the syringe plunger (Fig. 2). When the pipet has 
been filled, grasped the right hand with the forefinger covering the 
open stem above the bulb; contact with the syringe then broken. The 
blood adjusted the 0.1 ml. mark drawing off the excess with 
clean cloth gently tapping the pipet end with finger. The pipet 


Fig. Method filling micropipet with blood from 2-ml. syringe. 
The stem the pipet held between the thumb and forefinger the left 
hand. The barrel the syringe held between the palm and fourth and 
fifth fingers the same hand. The flat bottom the pipet stem must 
firmly apposed the flat end the rubber adapter the tip the syringe. 
Filling controlled gentle pressure the plunger the syringe with 
the right hand. The same procedure used filling the micropipet the 
2.0 ml. mark with diluent from 20-ml. syringe. 
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then tilted slightly, bulb down, until there small air space between the 
blood and the calibrated end the pipet. The outside the calibrated 
end wiped clean. 

Saline-phenol red solution the greased ml. syringe used dilu- 
ent for three pipets, and 0.9% NaCl for the fourth, which serves 
color blank for the determination. The dilution accomplished the 
filling technic just described; but avoid trapping air the pipet bulb, 
the syringe and pipet should gradually raised vertical position 
while filling and then lowered horizontal position when the solution 
above the 2.0 ml. mark. Care must taken hold the pipet 
firmly against the rubber adapter, maintaining the pressure fit. After 
adjusting the volume, small air space again left the end the 
pipet. The outside dried carefully, and the tip the calibrated end 
sealed with small piece adhesive tape. 


Centrifuging and Determination Packed Red Cell Volume (Vc) 


One the heavy rubber bands placed lengthwise about each pipet 
and flat over the adhesive tape seal protect the pipet centrifuging. 
The calibrated end the pipet placed the cup adapter made from 
rubber pressure tubing. The pipets this way are held firmly the 
centrifuge cups. Centrifugation carried out 2600 rpm for 15-20 
minutes. The rubber bands should removed carefully after centrifuga- 
tion since they sometimes stick the adhesive tape seal. 

The volume packed red cells (Vc), noted the nearest 0.5 per cent 
the calibrated stem the pipet, must corrected for the heparin 
dilution. 


volume blood volume heparin 
volume blood 


Determination 


check against the standard curve, two pipets test tubes are filled 
with 7.40 phosphate buffer containing phenol red. All the pipets and 
tubes except the saline blank are heated water bath 38°. Readings 
are taken each pipet after placing bulb down the holder the 
photometer, checking stem orientation each time. green filter with 
maximum transmission 540 used. All readings should taken 
promptly the red cells the stem the inverted pipet may flow into 
the bulb. 

The reading each micropipet must corrected applying the 
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appropriate pipet calibration. The final corrected reading, calculated 
R,, where the corrected reading for the blood-phenol 
red sample and the corrected reading for the blood-saline blank. The 
estimated the interpolation the standard curve the 
the phosphate buffers 37° versus the photometer scale reading. 
This value, plus the appropriate pK’ correction (see Table 2), gives the 
final value. 


Determination Whole Blood Content 


The CO, content the blood diluted with saline-phenol red deter- 
mined Van Slyke manometric blood gas apparatus the basic 
method Van Slyke and Neill, adapted the characteristics the 
sample (1, 5). 

One drop caprylic alcohol drawn into the capillary and ml. 
0.1N lactic acid are measured the cup the apparatus. After removing 
the adhesive tape seal from the pipet, small piece rubber tubing 
placed the tip the calibrated end provide watertight seal be- 
tween the pipet and the lactic acid. The contents the pipet are de- 
livered directly into the extraction chamber, delivery being halted with 
small air bubble the stopcock capillary. The air bubble dislodged 
with wire dipped caprylic alcohol, and 2.5 ml. the lactic acid are 
drawn into the machine. The stopcock sealed with mercury and the 
mercury level the chamber lowered the ml. mark. After ex- 
traction the reabsorbed with ml. NaOH. Pressure readings 
are taken the 0.5 ml. volume. 

blank CO, determination made the same manner 2.0 ml. 
sample the saline-phenol red solution used dilute the blood. 

The difference pressure due the blood, AP, calculated sub- 
tracting the blank correction from the difference the pressure readings 
for the blood diluted with saline-phenol red, (see caicu- 
lations’’). 

plying the pressure difference, AP, the appropriate factors for tempera- 
ture, pipet calibration, and heparin dilution. 


Temperature Factor volume blood volume heparin 


Temperature factors calculated Peters and Van Slyke (5) are repro- 
duced Table page 304. 
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Centrifugation Excess Blood for Determination Plasma Constituents 


Additional determinations, such plasma Na, Cl, and can 
made larger sample blood (1.5 2.0 ml.) collected the 
time the finger ear lobe puncture. When planned collect 
blood sample larger than 1.2 ml., advisable grease the plunger 
the collecting syringe before adding the heparin saline solution. 

After the aliquots required for the pH, and hemoglobin determina- 
tions have been taken from the syringe, the contents are mixed; the sy- 
ringe held vertically, tip down, while the mercury carefully ejected. 
The blood transferred the bottom 1-ml. micro centrifuge tube 
through 2-inch 21-gage needle. The centrifuge tube should filled 
from the bottom avoid trapping air bubble. small rubber stopper 
pierced short 24-gage hypodermic needle quickly inserted such 
way that any trapped air and small excess blood are forced 
through the needle. The needle then removed and the tube ready 
for anaerobic centrifugation. The brief exposure the blood room air 
while the tube being filled does not result significant change 
content, shown later. After centrifugation the stopper 
removed and the plasma carefully withdrawn through 21-gage needle 
into greased 2-ml. syringe. The empty needle removed, the syringe 
held tip up, and the air bubble (from the needle) ejected. The plasma 
can stored anaerobically the syringe tip protected with metal 
cap. 

Sampling accomplished forcing drop plasma into collect- 
ing piece placed the syringe tip and drawing 0.05 0.1 ml. ali- 
quot into suitable type calibrated pipet such the Linderstrom- 
semiautomatic constriction pipet. pipet designed 
Kirk also suitable and the sizes from 0.05 0.2 ml. can utilized 
accurate delivery pipet despite the fact that designed con- 
this pipet the volume deliver about per cent less than the 
contained volume. Filling and delivery these pipets are accomplished 
with the aid mouth suction and pressure through rubber tube and 
mouthpiece, with the aid pipet controller (9). 

desired, the plasma CO, content can measured, with 0.1 ml. ali- 
quots delivered under water the cup the Van Slyke apparatus 
described previously. The relative accuracy this determination 
greater than that the whole blood CO, because the blank correction 


The Linderstrom-Lang-Hglter and Kirk micropipets used were obtained from 
Arthur Thomas Co., Philadelphia, Pa. 


} 
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more stable and the concentration total about per cent higher 
plasma. 

Unless plasma included, all plasma samples can drawn 
directly from the centrifuge tube. potassium determination desired, 
the blood must transferred the micro centrifuge tube before icing 
the collecting syringe prevent the exchange potassium across cell 
membranes. 

Plasma sodium and potassium concentrations can measured with 
the internal standard flame photometer (10). For the determination 
chloride have used Sendroy’s titrimetric iodate method, with modifica- 
tions described Van Slyke and Hiller (11) 0.05 ml. aliquots. Pro- 
tein concentration could estimated one drop means the gradi- 
ent tube (12) falling-drop method (13). variety substances 
plasma can determined suitable micro methods, the limit 
plasma available, which would about 0.5 ml. for 1.5 ml. sample 
blood. 

Because the plasma diluted with heparin solution containing so- 
dium and chloride, appropriate corrections must applied the meas- 
ured concentrations these ions, and the concentrations other sub- 
stances estimated heparinized diluted plasma. The corrections are 
calculated from the amount heparin solution used relation the 
amount plasma, and, the case sodium and chloride, from the 
concentration these ions the heparin solution. 


SAMPLE CALCULATIONS 
Dilution Factor 


Suppose the total volume blood and heparin diluent (measured 
collecting syringe) 1.50 ml. Volume heparin solution measured 
from tuberculin ml. Volume blood 1.50 0.05 
1.45 ml. Consequently, the dilution factor for use calculating hematocrit 
value and whole blood concentrations 1.50/1.45 1.034. 


Hemoglobin Concentration 


Suppose that the corrected mean reading for the standard 
solution the Klett-Summerson photometer 200, and the 
mean reading for the hemoglobin diluted 1/251 185. The hemoglobin 
pipets used have calibrated volume 20.2 cu.mm. 


cone (9.34) (186/200) (20.0/20.2) (1.034) 8.9 mM/L. 
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Hematocrit Value 
Suppose that the mean value four micropipets 0.440. 
Corrected (0.440) (1.034) 0.455 


not useful measure calculate the hematocrit value more ac- 
curately than the nearest 0.005. 


Photometric 


Suppose the mean reading the plasma-indicator-saline mixture 
three micropipets (with the individual pipet calibration applied each 
reading) 156. The corrected blank reading 10. The mean corrected 
reading for the 7.40 phosphate buffer 152, and for the 7.20 buf- 
fer, 111. 

Sample reading, corrected for blank 156 146. The can 
then read from suitable graph which photometer readings are 
plotted against pH, estimated the following equation the 
range which the relation virtually linear: 


Finally, the correction from Table must applied (the difference 
pK’ phenol red 0.9% NaCl solution compared with M/15 phos- 
phate buffer): 


Corrected 7.37 0.02 7.35 
Whole Blood Concentration 


Assume the following data. Volume micropipet 0.099; calibration 
chamber volume 0.495 ml. Blank pressure difference for 2.0 ml. 
saline-phenol red 14.0 mm. Calculated blank for 1.9 ml. saline- 
phenol red (14.0)(1.9/2.0) 13.3 mm. 24° the two pressure read- 
ings obtained for the diluted blood sample are 182.6 mm. and 
114.0 mm. 


The factor Table 24°, for chamber volume 0.5 ml. and sample 
0.100 ml. 0.304. 


convenient prepare table temperature factors that includes 
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Temperature (°C.) Factor® (mM/L./mm.) Temperature (°C.) Factor* (mM/L./mm.) 
0.320 0.302 
0.318 0.300 
0.316 0.299 
0.314 
0.312 0.296 
0.311 0.294 
0.309 0.292 
0.307 0.290 
0.305 0.289 
0.304 


Factor which the gasometric pressure difference the Van Slyke-Neill apparatus, 
mm. Hg, multiplied obtain the whole blood content mM/L. These 
factors are calculated for sample size 0.1 ml., solution volume 4.5 ml., chamber 
volume 0.5 ml., and factor 1.037. See Peters and Van Slyke These factors 
are more convenient use than the ones given Shock and Hastings (1), because they 
give directly the concentration the blood sample instead the blood-saline mixture. 


the correction for the chamber volume. The sample and pipet corrections 
must calculated each individual determination; the dilution factor 
usually applied only the mean the replicate determinations. 


Obtaining the Derived Acid-Base Factors 


The calculated pressure and total bicarbonate concentra- 
tion plasma can obtained from the nomograms Van Slyke and 
Sendroy (14) and Hastings and Shock (15). The whole blood buffer base 
concentration can obtained from the nomogram Singer and Hast- 
ings (16), which also gives values for pressure and plasma total CO, 
bicarbonate. the application all these nomograms whole 
blood concentrations necessary use the hemoglobin concen- 
tration hematocrit value one auxiliary parameter, and known 
assumed saturation the other. Unless the patient cyanotic the 
sample shows obvious signs unsaturation, assumed that cutaneous 
arterial blood fully oxygenated. the oxygen saturation less than 
per cent, slight errors pressure and buffer base concentration 
will introduced unless account taken this factor. the example 
cited here, with 8.9 mM/L. 0.455 and assumed 100 per cent 
saturation, the whole blood 17.4 mM/L., found the 
nomogram Singer and Hastings, and the pH, 7.35, Scale straight 


line drawn through these two points and the derived variables are read 
off. 
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Plasma 21.0 mM/L. (right-hand edge, Scale 

Pco, mm. (Scale 


This represents for adult mild metabolic acidosis with pres- 
sure the lower edge the normal range. However, infant, these 
acid-base conditions could ail within normal range. 


RESULTS 
Accuracy Modified Microtechnic 


The respective errors the various methods involved the micro- 
technic have been estimated analysis the deviations large 
number sets replicate determinations. The results Fig. show the 
distribution the deviations from the mean. The standard error for the 
mean duplicate hemoglobin determinations +0.029 less 
than half one per cent the average concentration, relative error 
equal the calibration the cu.mm. pipets. The standard 
error the mean quadruplicate packed cell volumes was +0.0023. The 
standard error the triplicate was +0.0051, and that the whole 
blood content duplicate +0.16 mM/L. Confidence limits have 
been calculated the basis the difference between means (obtained 
with the usual number replicates) that has only per cent probability 
being due chance variation; the ratio this difference the stand- 
ard error the difference, standard error, 1.96 (17). This 
least significant difference less than 0.1 mM/L. 0.15 Gm./100 ml. for 
hemoglobin, 0.006 for cell volume, 0.014 for and 0.44 mM/L. for 
whole blood content. The accuracy this whole blood CO, deter- 
mination can compared with that the determination content 
0.2 ml. aliquots plasma, measured stopcock pipet. The standard 
error the duplicate plasma determination was +0.11 mM/L., and the 
least significant difference mM/L. 


Effect Collection Transfer Blood with Momentary Exposure Air 


Table results are presented representative experiment 
which heparinized blood was transferred dropwise from 20-ml. syringe 
four separate 2-ml. syringes such way simulate the collection 
cutaneous blood. Two the small syringes and were previously 
prepared with 0.05 ml. heparin saline solution, and two and con- 
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8.05 0.400 7.300 24.1 0.3/20 

8.00 0.400 7.295 23.8 0.05/0.95 

8.30 0.410 24.0 0.05/0.95 

8.10 0.405 7.290 heparin 


Venous blood, drawn and stored 20-ml. syringe containing 0.3 ml. heparin solution. 
glass electrode the this blood was 7.47 26°, 7.315 37°, with temperature 
factor Rosenthal, Biol. Chem., 173, (1948). 


tained heparin; all syringes contained some mercury for mixing the 
blood the sampling process. Two the transfers were accomplished 
minutes), simulate easy and difficult fingertip collection. evi- 
dent from Table very slight decreases were observed and CO, 
content the transferred blood compared with the control blood. 
syringe the decrease 0.015 was barely significant; all other dif- 
ferences and content were smaller than the least significant 
differences determined above. The factor dilution blood with heparin 
saline introduces additional uncertainty the measurement cell 
volume and hemoglobin and concentrations. This may explain the 
rather high hemoglobin concentration Sample (wetting the syringe 
surfaces might reduce the effective amount heparin saline dilution 
the blood, some instances). This experiment also shows that the heparin 
solution has had significant effect the the blood which 
was added. Other experiments have confirmed this lack effect, even 
when relatively much larger amounts heparin solution were used. 


Table ANAEROBIC TECHNIC: TRANSFER BLOOD FROM SYRINGE CENTRI- 
FUGE TUBE 


Anaerobic control—syringe syringe 7.34 24.30 
anaerobic—Single 7.34 24.25 28.45 
transfers* 24.00 28.10 
Difference per 
Single transfer 0.00 —0.05 —0.15 
Multiple transfers —0.004 —0.06 —0.10 


Venous blood, exposed briefly air during transfer from syringe small centrifuge 
tube and back again, after stoppering tube exclude air. Mixing blood carried out 
with mercury. Blood heparinized first syringe. 


308 SINGER, SHOHL BLUEMLE Clinical Chemistry 


another experiment observed the effect transferring about 
ml. blood from syringe into open centrifuge tube Pyrex round- 
bottom tube, 1.25 The blood was exposed air during the 
filling process until rubber stopper and needle were inserted de- 
scribed previously, eliminate any air bubble, and exposed again 
when the sample was taken into second syringe for storage. portion 
the blood the syringe was then transferred aerobically 5-ml. 
centrifuge tube, stoppered exclude air, centrifuged, and the 
plasma drawn off and stored third syringe for analysis plasma 
content. The and the whole blood content were determined the 
blood the second syringe, and control analyses performed the 
original blood not subject aerobic transfer. The results are shown 
Table addition the single tube transfer (as described above) the 
experiment was repeated with successive transfers separate tubes 
before the blood was drawn the storage syringe. The differences ob- 
served result this multiple transfer were divided give 
figures which should more accurate approximation the differences 
due single transfer. Per single transfer the was found decrease 
0.004 (an amount too small detected the single transfer), the 
whole blood CO, content decreased about 0.06 mM/L., and the plasma 
CO, content, 0.10 mM/L. These changes are well within the confidence 
limits found for the microtechnic and can conclude that this method 
aerobic transfer blood for centrifugation introduced appreciable 
error for clinical and most other purposes. 


Comparison Arterial and Cutaneous Blood Samples 


Results are presented Table for the analysis seven pairs blood 
samples, one arterial and one cutaneous each pair. The arterial sample 
was drawn 10-ml. syringe which 0.3 ml. heparin solution had 
previously been added. The syringe was attached manifold connected 
with needle placed the femoral artery. Because risk clotting 
the long connecting tube fine bore was generally not possible pro- 
long collection the arterial sample correspond exactly with the time 

‘required for collection the cutaneous sample. The average time for the 
latter was 2.0 minutes, and for the former about 0.5 minute. Slight mean 
differences were observed packed cell volume and pH, and virtually 
none CO, content. The only significant mean difference was that for 
hemoglobin, which was 0.19 higher cutaneous than arterial 
blood. Although significant, this difference small enough ignore for 
most acid-base analyses, which cutaneous blood can considered al- 
most identical with arterial blood. 
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Table ARTERIAL AND BLoop SAMPLES 


Comparison Acid-Base Properties 


Arterial Cutaneous Difference 
(mM/L.) 8.50 8.60 —0.10 
7.80 8.05 —0.25 
8.45 8.60 —0.15 
8.2 8.20 0.00 
6.65 7.00 —0.35 
6.65 7.05 —0.40 
7.85 7.85 0.00 
Mean —0.19 
S.E. +0.064 
7.41 7.41 0.00 
7.53 7.55 —0.02 
7.35 7.35 0.00 
7.45 7.46 —0.01 
7.39 +0.02 
7.82 7.52 0.00 
7.35 —0.02 
Mean —0.004 
S.E. +0.0053 
Red cell volume (mM/L.) 0.425 0.435 —0.010 
0.400 0.415 —0.015 
0.420 0.420 0.000 
0.395 0.395 0.000 
0.345 0.365 —0.020 
0.400 0.395 +0.005 
Mean —0.007 
S.E. 
Whole blood (mM/L) 23.3 23.6 —0.3 
32.2 32.4 —0.2 
21.3 21.3 0.0 
25.7 25.6 +0.1 
21.0 21.6 —0.6 
26.4 26.0 +0.4 
Mean —0.01 
S.E. +0.147 
DISCUSSION 


The suitability this microtechnic for clinical studies acid-base 
balance will discussed from three aspects: the use cutaneous blood; 
errors collection and handling; and analytical accuracy. 
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Advantages Cutaneous Blood 


Our results confirm those Lundsgaard and (18), Saito (19) 
and Lilienthal and Riley (20) that cutaneous blood (drawn from hy- 
peremic skin) nearly identical with arterial blood its acid-base 
properties. comparable similarity has also been demonstrated for oxy- 
gen saturation (3, 18, 19). The only significant difference that found 
was slightly higher hemoglobin concentration, 0.2 mM/L. greater 
cutaneous than arterial blood. Part the difference may have been 
due dilution error but, regardless the cause, the difference has 
negligible effect the use this parameter the calculation 
pressure and whole-blood buffer base concentration. Such similarity 
chemical properties fortunate circumstance for clinical studies, be- 
cause the sampling cutaneous blood much simpler process than 
arterial puncture. The advantage ease sampling thus combined 
with the further advantage having arterial cutaneous blood, rather 
than venous blood, for analysis the state acid-base balance the 
patient. The respiratory factor this state most conveniently defined 
the alveolar, its equivalent, the arterial, pressure, which can 
readily calculated from the and CO, concentration arterial blood 
plasma. The usual arterio-venous differences with regard satura- 
tion, pressure, pH, and content are greatly influenced un- 
predictable variations local venous flow. Consequently venous blood 
has the disadvantages wider range for values, pres- 
sure higher than alveolar air, and variable saturation, which 
introduces additional factor the calculation Pco, and buffer base 
(14, 16). All these drawbacks are avoided the simple expedient using 
cutaneous blood for acid-base studies. 


Collection, Handling, and Storage 


The method described this paper for the collection, handling, and 
storage cutaneous blood samples based previous work (3, 21) and 
has here been shown produce essentially change and pres- 
sure, and only insignificant decrease bicarbonate and buffer base 
concentration amounting less than 0.2 The anticipated ef- 
fects exposing blood room air are fall and bicarbonate, 
rise pH, and change buffer base. However, variety effects may 
produced other sources error, such temperature change, the 
presence anticoagulant, glycolysis, hemolysis, and change perme- 
ability the red cell membrane. The combined error given method 
handling blood therefore depends number factors addition 
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exposure the blood air; this method the results suggest com- 
bination slight accumulation fixed acid, such lactate, the blood, 
and loss displaced bicarbonate. The fact importance clinical 
chemistry that the combined handling error negligible (1) heparin 
used anticoagulant, (2) the blood chilled and stored closed 
syringe, and (3) exposure air during collection transfer restricted 
the conditions described herein. 

Since the transient exposure air does not introduce serious error, 
technic this sort might called technic. Un- 
doubtedly the best method avoiding this type error the “strict 
technic Austin al. (22), which blood handled 
tonometers over mercury. However, these precautions are scarcely 
feasible necessary clinical studies acid-base balance. the other 
hand, such anaerobic” appears offer definite ad- 
vantages over the common practice, hospital laboratories, relying 
the sometimes uncertain protection (23-25) afforded handling 
blood under oil, adhering the outmoded ‘‘plasma CO, combining 
power” method (26), which was abandoned Van Slyke’s laboratory 
more than years ago (27). Centrifuging blood under oil the ordinary 
centrifuge tube almost certain produce appreciable loss CO, 
(23), whereas use syringe (21) completely filled tube entails 
appreciable loss (23; Table 6). Even with 1-ml. samples con- 
venience avoid having sample blood plasma under oil; and have 
demonstrated definite decrease accuracy measuring 0.1 ali- 
quots when this done from sample under oil. 

certain amount training required for the analyst attain pro- 
ficiency the collection cutaneous blood samples and the filling 
the micropipets. The experience gained acquiring such proficiency and 
teaching others leads believe that the method entirely suitable 
for any hospital laboratory where one more individuals can trained 
its use, under the supervision clinical chemist. 


Accuracy 


The accuracy the individual determinations satisfactory for all 
clinical and many experimental purposes, shown the results Fig. 
and various papers describing each method (1, 28). The standard 
errors measurement shown Fig. are estimates reproducibility 
rather than absolute error, which may somewhat larger. For exam- 
ple, the hematocrit method subject errors due trapping solution 
between cells and anisotonicity the 0.9% NaCl diluent with respect 
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Table COLORIMETRIC AND POTENTIOMETRIC 
Data from the Literature 


Difference, — pH pot 


Source parisons Remarks 
Mean S.D. 

Hastings and +0.007 +0.011 comparisons 20°. vitro 

1924 (6) equilibration. 

Myers and Muntwyler +0.020 +0.037 Venous plasma, drawn from 

1928 (38) patients. Microcolorimeter 
for pH. 

Fosbinder and Schoono- +0.002 +0.011 Plasma diluted 1-20 with 

ver 1930 (39) phenol red and equilibrated 
vitro. 

Austin, Stadie, and +0.035 One comparison with cal- 

Robinson 1925 (36) culated from 
Hasselbalch equation. 

Van Slyke, Weisiger, —0.002 +0.022 Equilibrated vitro, 

and Van Slyke 1949 (2) range 6.89 7.65. Photo- 
colorimetric pH. 

Weighted Mean 102 +0.008 


Hastings and Sendroy found difference —0.015 0.013 comparisons horse 
plasma, and —0.010 0.009 comparisons dog plasma. 


the actual red cell contents given blood. This uncertainty not 
important the calculation acid-base factors, but the two param- 
eters, the hemoglobin concentration more accurate determination 
than the hematocrit value. The precision the manometric blood-gas 
apparatus well established for this well macro determinations (1, 
28, 29). Unsuspected errors have been shown far greater other 
methods commonly used clinical laboratories (30), and best results 
cannot obtained without careful attention detail and accurate 
calibration photometer tubes and pipets.? The methods described 
this paper have been successfully employed number clinical 
studies (32-34). 

The only part the microtechnic which objections have been raised 
the past the colorimetric determination. comparison with the 
electrometric method glass electrode), the colorimetric method 
has been charged with being unreliable when applied plasma serum 


Stock volumetric pipets purchased may deviate considerably from the stated volume 
and this particularly true the 20-cu.mm. hemoglobin pipets (31). our experience the 
individually tested hemoglobin pipets supplied Arthur Thomas Co. have been quite 
satisfactory; one batch pipets calibration showed maximum deviation from the 
20-cu.mm. volume only 0.3 cu.mm. 
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(35-37), and this point deserves comment. Large discrepancies found have 
been ascribed variability the effects dilution, protein concentra- 
tion, and other errors the final result. When available reports com- 
parisons between electrometric and colorimetric are examined, 
becomes evident that details procedure have varied widely. Some com- 
parisons have been made with dog instead human blood, with serum 
instead plasma, with the colorimetric read room temperature 
instead 38°. The only comparisons relevance here are those made 
following the basic Hastings and Sendroy technic, which the Shock 
and Hastings and current modifications are based. summary relevant 
studies this type human plasma given Table Results are 
terms the difference between the colorimetric and potentiometric pH, 
both determined 38°. Most the papers not present figures for the 
mean and standard deviation, which have calculated from the data 
for the individual differences. evident that there generally good 
agreement the several series, and the weighted mean difference less 
than +0.01 unit. the correction Table applied, assuming 
average comparison 7.40, the mean difference seen fall between 
0.00 and —0.01. The reproducibility the difference, adjudged 
the generally small standard deviation, good. series compari- 
sons glass electrode with electrode pH, Van Slyke al. found mean 
difference —0.002 and standard deviation +0.016 (2), repro- 
ducibility only slightly better than for the photometric pH. the basis 
these result would appear that the difference between the photo- 
colorimetric and potentiometric determinations 38° lies between 
—0.04 and +0.04 over per cent cases. 

The discrepancies referred previously have not been reported 
human plasma, but generally dog serum, and connection with 
variability the correction, the difference between the colorimetric 
20° and photometric 38°. Species differences and differences 
between serum and plasma with respect the correction have been 
observed Cullen and many others (35, 36, The 
+0.30 for human serum and +0.23 for human plasma, and Robinson 
al. demonstrated that the correction varied with the serum protein 
concentration (43). Some the results dog and human serum have 
been characterized large standard deviations, ranging from +0.07 
+0.11 (35-37). the other hand, Hastings and Sendroy (6) found 
little variation from the plasma one species another when the 
difference was measured 38°. The same 
true this difference human serum compared with plasma, 38° 
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(38, 41). From all this and other evidence (44) seems clear that the 
final result colorimetric determination influenced number 
possible errors, which are generally larger when serum used when 
the reading made room temperature. For human plasma read 
37-38°, these errors either become very small are self-compensating 
(44), demonstrated the evidence Table 

their practical operation for the determination blood, both 
the electrode and glass electrode have serious disadvantages that 
must weighed along with their advantages, comparing them with 
the photocolorimetric method. For clinical work economy sample size 
often important consideration, and this the photometric method 
superior the usual glass electrode. The apparatus required for the 
photometric determination cheaper and probably more reliable than 
the glass electrode and meter, but the technic the determination 
somewhat more complex. The standard error measurement the 
photometric determination appears smaller than that for any 
commercially available meter utilizing the glass electrode. After ex- 
perience with both methods our preference clinical work definitely 
for the photometric. 

Some the features the technic described here 
are applicable the handling and centrifuging larger amounts 
2--20 ml., for the determination and concentration 
other methods. 


SUMMARY 


modification has been described for the Shock and Hastings tech- 
nic determining simultaneously, 0.1 ml. aliquots blood, the pH, 
CO, content, and packed cell volume. Advantages the modification are 
collection and handling the blood way that avoids the use oil, and 
modified design the micropipets that readings can obtained 
filter photometer. 

The standard error measurement single reading was +0.009 
for the pH, and +0.22 mM/L. for the whole blood concentration. 
The reproducibility the photocolorimetric measurement was 
slightly better than that obtainable with the most accurate commercially 
available glass electrode. 

Results have been presented show that blood can handled 
the presence brief, limited, exposure air with detectable change 
and only negligible change content (decrease less than 
0.2 Errors attributable collection and handling cutaneous 
blood this technic are not significant magnitude. 
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Results have also been presented confirmation the fact that 
arterial and cutaneous blood are virtually identical acid-base proper- 
ties. sample little 0.5 ml. cutaneous blood, analyzed the 
microtechnic, provides the necessary and sufficient data for description 
the state acid-base balance. This includes calculation the physi- 
ologically important variables, arterial pressure, and whole-blood 
buffer base concentration, thus furnishing measure the respiratory 
factor and the metabolic factor any acid-base disturbance. With 
sample size 1.5 ml. also possible determine other individual 
constituents plasma, such sodium, chloride, and total protein. 

The technic useful the study clinical disturbances acid- 
base balance, especially infants and children. 
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Estimation Lipid Fractions 
Blood Plasma 


System Using the Allen Volumetric Method 


Andre Kibrick and Skupp 


THE the lipid fractions blood plasma, 
except for cholesterol, are not generally employed guide following 
various clinical conditions, since the laboratory procedures available 
for their estimation have been quite cumbersome. This deficiency 
convenient methods for determining the various lipids blood par- 
ticularly unfortunate this time when one considers the important 
role that the various lipids may play such conditions atherosclerosis 
and heart disease (1). 1934 Allen devised volumetric method for 
estimating blood fat cattle which involved final measurement the 
column fat graduated capillary tube (2). Although such volumetric 
methods were applied clinical chemistry about that time (3), they 
have since been discarded for the most part. 

have recently reinvestigated the reliability the Allen method 
human plasma. calibrating the tubes for recovery known amounts 
fat instead using the content the capillaries, have obtained 
satisfactory values for the total free cholesterol, esterified cholesterol, 
and neutral fat—that is, for all the lipid fractions except phospholipids 
which are not determined this procedure. the present paper 


From the Clinical Laboratories the New York Veterans Administration Hospital 
affiliation with New York University College Medicine. 

This investigation was supported part research grant from the National Institute 
Arthritis and Metabolic Diseases, the National Institutes Health, Public Health 
Service. 

Reviewed the Veterans Administration and published with the approval the Chief 
Medical Director. The statements and conclusions published the authors are the result 
their own study and not necessarily reflect the opinion policy the Veterans 
Administration. 

Received for publication April 25, 1955. 

317 


318 KIBRICK SKUPP Clinical Chemistry 


present data the reliability the Allen method and describe its ap- 
plication simple system for determining the major lipid fractions 
blood plasma. 


ADAPTATION ALLEN METHOD 


The method for the volumetric determination blood fat was per- 
formed essentially described Allen (2) 3-ml. samples plasma. 
The 2-neck were the same, and carried graduated capillaries 
which the column fat could measured with calipers the millimeter 
graduations. The samples were measured into the tubes applying 
gentle suction the capillary necks. 5-ml. amount reagent? was 
then added the same way and mixed thoroughly with the plasma 
rotation. The unstoppered tubes were heated water bath 85° for 
minutes with occasional shaking. They were then centrifuged for 
minutes 800 rpm., and warm water (75°) was added with hypodermic 
needle attached elevated reservoir until the tuber were filled the 
bottom the graduated neck. After centrifuging again for minutes, 
warm water was added until the filling neck overflowed and auto- 
matically brought the fat column the proper level for reading. The 
tubes were again centrifuged for minutes and placed 60° water 
bath for few minutes before measuring the fat column with calipers. 

The tubes were initially calibrated with mercury according standard 
procedure, and the values obtained agreed precisely with the factors 
obtained titration the amount standard acid contained the 
capillaries with standard alkali. However, when the Allen method was 
performed known amounts olive oil, more than 100 per cent re- 
covery the oil was obtained using the calibration factors. This was 
true when the oil was measured into the tubes taking aliquot 
ether solution and the ether then evaporated off, when the oil was 
carefully weighed microbalance and added without solvent. 
about experiments the values olive oil recovered usually ranged 
between 122 and 129 per cent. average value per cent was there- 
fore used correct the mercury calibration factors. 

The validity the calibration values derived from the recovery olive 
oil was checked several ways. There was indication contamination 


Allen tubes for ml. and for0.25 ml. plasma were obtained from Machlett and Son, 
New York. The micro tubes for 0.25 ml. are still being tested and will reported later 
publication. 

reagent consists 110 Gm. sodium carbonate and 200 Gm. sodium salicylate 
dissolved water and made volume liter. this are then added successively 
ml. 50% sodium hydroxide and 100 ml. alcohol. 
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the fat layer with constituents the Allen reagent. Neither butyl 
nor salicylate was found contaminant, when the recovered 
fat was tested with ammonium molybdate ferric nitrate. The absence 
significant amounts either these constituents the reagent was 
confirmed the fact that the iodine numbers olive oil and other fats 
and oils were exactly the same samples the fat layer obtained after 
performing the Allen method (4) when the original oil and fat were 
used samples. The iodine number and sodium salicylate 
and 99, respectively, which differ quite markedly from that olive 
oil and some the other fats and oils. Since the values the iodine 
number are the same before and after separation this procedure, the 
method appears separate oil and fat the same degree purity 
the original lipid samples. 

Since the apparent volume the fat layer larger than that the 
original weight the oil taken, are forced the conclusion that the 
volumes oil measured capillaries this size are affected spreading 
factors that may unique for oils and fats (5). This conclusion 
consistent with the results obtained Chung, Saarinin, and Shaw (6) 
with the Allen method. 

have confirmed the original findings Allen that the fat layer 
contains all the lipids plasma with the exception the phospholipids. 
many determinations the fat layer for phosphorus, not more than 
5-7 per cent the phosphorus the phospholipids the plasma was 
ever found. addition, fat was separated when the Allen method 
was performed lecithin. The cholesterol plasma was always quan- 
titatively recovered the fat layer, and, mentioned above, neutral 
fat and oils are also quantitatively recovered. the case the fatty 
acids esterified with cholesterol had more trouble. was considered 
quite possible that the mild alkaline hydrolysis which part the Allen 
procedure would liberate the fatty acids, and have found that free 
fatty acids are not contained the fat layer. This point was finally 
resolved when found the same amount both total and esterified 
cholesterol the fat layer plasma was present the plasma itself. 

The Allen method conducted essentially described Allen with 
either ml. ml. plasma, and the calibration made described 
above, based recovery olive oil. The only other change the 
method that the hydrolysis and entire procedure are conducted 
open tubes, which eliminates the necessity using toothpicks stopper 
the tubes. 
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Besides the Allen method, our system analysis comprises the deter- 
mination cholesterol and cholesterol esters plasma (7) and the 
determination lipid phosphorus (8). From the values obtained the 
following calculations are made. 


CALCULATIONS 


Esterified cholesterol (9) cholesterol fatty acids 
wr 


Allen fat cholesterol cholesterol fatty acids neutral fat 
Allen fat phospholipids total lipids 
neutral fat cholesterol fatty acids 0.64 phospholipids 
) 
total fatty acids 


RESULTS 
Total Fatty Acids 


Table compare the values total fatty acids found these 
calculations representative series plasma samples with values 
the total fatty acids obtained the colorimetric method with dichromate 
(10) and the iron perchlorate method for esterified fatty acids (11). 

The values the various lipid fractions found this system analysis 
agree general with values found the literature. several samples 
oxidized the total unsaponified lipid residue plasma the method 
Bloor (12) with dichromate and calculated the values the various 
fractions using their respective factors milliliters dichromate. 
The values agreed quite well with those obtained our system analy- 
sis. This especially encouraging the case the neutral fat since this 
fraction has been most neglected the literature and since the least 
reliable due the fact that always measured difference. 


Neutral Fats 


show Table the values neutral fat found duplicate our 
method apparently healthy normal individuals. interesting 
that all the values except for Number fall close zero. Number 
was man about years old, who proved alcoholic and may 
have had some liver dysfunction. Some the values may seen 
slightly negative and must considered zero. Considering the good 
agreement between the results duplicate determinations, the slightly 
negative values the table are indication the sensitivity the 
method with respect the calculated value for neutral fat. 
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Comparison Between Values Determined the Present System and Those Determined 
the Colorimetric Dichromate and Iron Perchlorate Methods 


Sample 


Total fatty acids 


Allen 
(mg./100 ml.) 


373 
322 
309 
323 
309 
373 
422 
317 
309 
421 
313 
304 
392 
264 
297 
309 
268 
172 
281 
297 
307 
177 
386 


265 


(mg./100 ml.) 


Dichromate 


402 
328 
300 
350 
336 
396 
425 
313 
291 
441 
343 
343 
392 
274 
296 
320 
282 
189 
264 
296 
315 
197 
378 
269 


Subject # 


IO Whe 


© 


Neutral fat 
(mg./100 ml.) 


Values are given for duplicate determinations. 


6 < 
47, 
24, 
13, 
13, 
142, 123 
133, 
88, 
—12, 
13, 
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DISCUSSION 


The advantage the described system analysis its simplicity. 
Values neutral fat are calculated with reasonable degree validity, 
and the other fractions are estimated standard methods. The sim- 
plicity and lack technical difficulty our method are not true 
other methods. Although total fatty acids may determined colori- 
metrically plasma quite readily oxidation with dichromate (9), 
the estimation other lipid fractions dichromate oxidation still 
difficult technically and involves uncertainties due calculation from 
the dichromate factors the various fractions. The determination 
total fatty acids plasma also possible the method Bauer and 
Hirsch measure the esterified fatty acids (10). Although this 
method reliable when all factors are carefully controlled, very small 
differences the time which reagents are added each step seriously 
affect the results. addition, the method yields only the total fatty 
acids and can not used estimate the other lipid fractions. 


SUMMARY 


The Allen volumetric method for plasma fat has been modified 
calibration include the percentage olive-oil recovery. The values 
obtained from calibration with mercury are corrected for the 125 per 
cent recovery the oil. The validity the entire procedure has been 
discussed. 

simple system estimating the lipid fractions plasma has been 
described. Total lipids are the total Allen fat (25 lipid P). Neutral 
fat Allen fat-cholesterol-cholesterol fatty acids. Total fatty acids are 


neutral fat cholesterol fatty acids (0.64 phospholipids). 


The values total fatty acids have been compared with those ob- 
tained oxidation with dichromate and determining the esterified 
fatty acids with iron perchlorate. 

The values neutral fat found apparently normal individuals are 
shown range from and give average value mg./100 ml. 
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lodine and Thiocyanogen Numbers the 
Fatty Acids Blood Plasma 


Andre Kibrick and Skupp 


KNOWN about the degree unsaturation the fatty acids 
human blood (1). spectrophotometric method has recently been applied 
plasma Wiese and Hansen (2) which consists conjugation the 
double bonds heating alkaline solution 180° and measuring the 
conjugated forms the ultraviolet spectrum region. The authors them- 
selves admit that this procedure subject much uncertainty since 
standards are not available for fatty acids with more unsaturated 
bonds than arachidonic acid. The application this time-consuming 
method clinical chemistry would, therefore, not warranted 
this time. 

order study the degree unsaturation the fatty acids blood 
have chosen, therefore, use the values iodine and thiocyanogen 
numbers, which have proven useful the analysis oils and fats (3). 
1931 Yasuda (4) proposed the use the Rosenmund and Kuhnhenn 
reagent (5) determine the iodine number the fatty acids analyzed 
according Bloor (6). have also found that the iodine number 
the fatty acids blood plasma may determined this way, but have 
improved the oxidative method Bloor for colorimetric estimation 
the fatty acids (7). However, have found that the thiocyanogen 
number (8) can not determined fatty acid extracts prepared the 
method Bloor. the present paper, describe method determine 


both iodine and thiocyanogen number some the fatty 
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acids blood plasma employing the fat isolated mechanically the 
volumetric method Allen (9). 


METHOD 


Reagents 
Allen reagent (9). 
Rosenmund-Kuhnhenn reagent (7) for iodine number. 
Thiocyanogen reagent (8). 
0.1N sodium thiosulfate. 
Potassium iodide, Prepare needed. 

Fat isolated tubes from ml. plasma the method 
Allen described the present workers. The fat column measured 
millimeters and calculated fat content from calibration constants 
obtained the usual manner with mercury. The experimental values 
are also corrected for the percentage recovery known amounts 
olive oil (10). The tubes are then returned the 60° water bath. Fat 
removed 23-gage 3-4-inch hypodermic needles attached syringe, 
and about mg. are weighed microcombustion boats micro 
semimicro balance. The boats containing the fat are then placed 
glass-stoppered Erlenmeyer flasks. For iodine numbers, ml. the 
reagent and ml. chloroform are added. After 
mixing, the flasks are allowed stand for minutes the dark. The 
excess reagent then titrated with 0.1N thiosulfate, using micro 
buret, after the addition 0.5 ml. potassium For thio- 
numbers, ml. reagent and ml. carbon tetrachloride 
are added, and the mixture allowed stand for hours dark 
water-cooled cabinet The excess reagent then titrated 
with 0.1N thiosulfate. each case reagent blanks which not contain 
fat are titrated the same way. Since the cholesterol? the isolated Allen 
fat absorbs iodine, its concentration the plasma samples must 
determined reliable method (11). 


or 


Calculation 
(Blank titer Unknown titer) 12.69 mg. iodine absorbed fat. 


Wt. fat titration flask 
mg. Allen fat/100 ml. plasma 


mg. cholesterol/100 ml. plasma mg. 
cholesterol flask. 


numbers have also been determined the Allen fat with the Wijs reagent. 
Experimental iodine number cholesterol 0.69. Experimental thiocyanogen num- 
ber cholesterol 0.12. 
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mg. iodine absorbed (0.69 mg. chol.? flask) 


mg. fat flask 


mg. iodine absorbed (0.12 mg. chol.? 


mg. fat flask 


Clinical Chemistry 


100 


100 Iodine number 


Thiocyanogen number 


The method was checked olive oil and other fats and oils and was 
found give the same results both macro and micro determinations 
samples the fats oils before going through the Allen procedure. 
also determined simultaneously the iodine number large number 


Table BETWEEN THE VALUES IoDINE NUMBER DETERMINED THE 


PRESENT METHOD AND THE YASUDA METHOD 


Iodine number 


Plasma sample # Present method 
107 
100 
104 
123 
103 
108 
109 
102 
120 

105 
102 
109 


101 


Yasuda method 


Table VALUES THE AND THIOCYANOGEN NUMBERS DETERMINED 
NorMAL INDIVIDUALS 


Subject # Iodine number 
123 
132 
151 
133 
111 
127 
134 
124 

116 
127 
138 
157 
128 


Thiocyanogen number 


Difference 


Experimental iodine number cholesterol 0.69. Experimental thiocyanogen num- 


ber cholesterol 0.12. 


107 
110 
102 
111 
102 
101 
106 
115 
113 
106 
= 
107 
102 
111 
118 
122 
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plasma samples this method and the method Yasuda. Table 
shows some representative results. seen that the present method 
yields values not much different from those obtained the Yasuda 
method spite the absence the fatty acids the phospholipids 
the Allen fat. 

Table show the results iodine and thiocyanogen numbers 
obtained our method the fat isolated from plasma 
healthy laboratory workers. 


DISCUSSION 


The iodine number, which represents the average degree unsatura- 
tion the fatty acids, might expected affected liver dysfunc- 
tion since there considerable evidence that the liver the major site 
desaturation (12). Wachstein has found high values parenchymatous 
obstructive jaundice (13), and Nicholls and Perlzweig have found high 
values hyperthyroidism (14), condition which fat metabolism 
may affected. 

was considered likely that knowledge both the iodine and 
thiocyanogen numbers the same lipid fraction would yield more 
information about the desaturation mechanism. The iodine number 
measure the total number unsaturated bonds the fatty acids, 
whereas the thiocyanogen number apparently measures the number 
these bonds acids containing only one unsaturated linkage and one 
less than the total number unsaturated bonds acids containing two 
more (3). Oleic acid may present considerable amount blood 
and tissues. have found about per cent the fatty acids 
unsaturated and about per cent contain more than one unsaturated 
bond other methods (15). Since linoleic and linolenic acids are present 
only small amount normal rat tissues (16), this indicates ap- 
preciable content other unsaturated acids. Hence, the simple calcula- 
tion from the values the iodine and thiocyanogen numbers that can 
made for commercial oils (8) are not possible for biologic material 
this type. However, the difference between the values the two num- 
bers reflects the content fatty acids containing more than two un- 
saturated bonds. 

seen Table that the iodine numbers our small series 
normals range from 111 157. Number may excluded since 
represents adult male about who was later found alco- 
holic and have other indications liver damage. The differences 
between the values the iodine and thiocyanogen numbers found 
our small series normals are rather disappointing. The presence 
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both small and large relative amounts fatty acids containing more 
than two unsaturated bonds this lipid fraction indicates that has 
little significance disease. The difference between the two numbers 
may well reflection the diet. 

This investigation being continued learn the significance the 
values the iodine number liver disease and other clinical condi- 
tions which there disturbance fat metabolism. are also 
endeavoring improve the present procedure yield the iodine and 
thiocyanogen numbers the total fatty acids plasma and the 
acids each lipid fraction. 


SUMMARY 


method has been described for the determination both iodine 
and thiocyanogen numbers the fat isolated from human blood plasma 
the Allen volumetric method. The values found normal indi- 
viduals varied from 111 157 for iodine number and from 122 for 
thiocyanogen number. The differences between the two numbers varied 
between and 78. 
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The Correspondence with Law for the 
Optical Density Stained Protein Patterns 


Surface Protein Concentration 


SCANNING TECHNIC for evaluating data from electrophoresis 
filter paper, which was first described Grassmann, Hannig, and Knedel 
(1) and and Eder (2), has now become established 
routine procedure many laboratories. Although many types scanning 
have been described, they have common the advantage that the colori- 
metric determinations are made the paper strip upon which the protein 
pattern has been developed. The difficulties quantitative elution the 
colors are thereby avoided. Crook, Harris, and Warren (3, have em- 
phasized that the simple Beer’s logarithmic law which obtained 
homogeneous solutions cannot assumed hold for the paper matrix 
without detailed experimental justification, and they have proposed 
alternative relationship for such data. The problem quantitation has 
also received the attention many other workers, and several, notably 
Griffiths (5), Latner (6), Grassmann and Hannig (7), Sommerfeldt (8), 
and Cooper and Mandel (9) have found the application Beer’s law 
justified experimentally over the working range the method, 
long transmission densitometry used. 

The verification Beer’s law has now become especial interest since 
Laurence (10) and Cooper and Mandel (9) have described the use 
light-sensitive circuit with output linear with the optical density. 
This circuit permits the automatic recording paper electrophoretic 
patterns give tracing from which proportions the separate fractions 
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can estimated directly means planimeter, long Beer’s law 
can assumed. The value automatic recording would greatly 
reduced the results require rectification afterwards application 
correction curve; also the scale the recording could longer ad- 
justed electronically without restriction, deviations from the logarithmic 
law must considered. 

The comparisons made Rees and Laurence (11) between the results 
automatic recording and fluorimetric method showed indirectly that 
the scanning method was satisfactory, but there remained the possibility 
several errors the scanning method leading correct result 
compensation. detailed investigation has therefore been made the 
relationship between protein concentration and optical density the 
protein-dye complex. The investigation was limited transmission 
densitometry only and has bearing the problem the varying dye 
uptakes different protein species. 


THEORETICAL CONSIDERATIONS 


this paper certain terms are used follows: 

The surface protein concentration the number micrograms 
protein contained sq. cm. the filter paper, the corresponding 
incremental definition the pattern density varies continuously. 

The optical density logio where the incident light 
intensity and the intensity the light emerging after absorption. 

According Beer’s law the optical density any region should 
proportional the surface protein concentration. The application the 
law therefore tested plotting optical density against surface con- 
centration protein and the result should straight line through the 
origin. 

Simple considerations trace most deviations from Beer’s law 
fluctuations absorbing power within the light beam. Examples are the 
use light several wave lengths which are absorbed different 
extents, the influence stray light which not absorbed all, and the 
effect scattering produce paths differing lengths through the 
absorbing region. All these effects cause the optical density observed 
less than that predicted from experiments low densities, since the 
observed result the logarithm average light intensities, whereas the 
required result average logarithm light intensities which always 
the greater. Therefore the optical density the paper plotted 
ordinate against surface protein concentration abscissa, expected 
deviations are bending the curves. 
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MATERIAL AND METHODS 


Known amounts protein were added along filter paper strips either 
(1) uniformly over known areas limited silicone barriers (termed the 
the developed strip resembles optical step wedge) 
(Fig. la) (2) transverse lines (the method) (Fig. 1c). 

Wedge methods have been used Crook al. (4) and Latner (6) 
and stripe methods Griffiths (5), Sommerfeldt (8), and Grass- 

mann and Hannig (7). The strips were then stained, washed and oiled, 
and examined transmission densitometry. The densitometer tracing 
for the wedge method series flat-topped segments (Fig. 1b). The 
distance between the top and the base line was calibrated terms 
optical density and the surface area protein the filter paper measured 

means planimeter. the amount protein known and the 
distribution uniform, the optical densities the various segments 
the wedge could plotted against surface protein concentration 

The densitometer tracing for the stripe method series density 
contours reminiscent the patterns obtained conventional separa- 
tion plasma proteins (Fig. 1d). The areas within these contours above 
the base line are obtained with planimeter and compared with the 
corresponding dilutions the protein sample. 

Paper Whatman No. (for chromatography) 

Plasma from hospital patients diluted with 0.9% 
saline w/v and also solutions bovine serum albumin. 
Dow Corning 1107 with acetone (1:1). 


Wedge Method 


filter paper strip was placed glass plate and transverse pencil 
lines were drawn cm. apart, commencing 8.5 cm. from one end, form 
the paper. The silicone-acetone mixture was applied along the pencil 
lines from Petri dish, using the edge standard histologic glass slide 
cut cm. length. The filter paper was then heated for minutes 
oven 105° fix the silicone and used within minutes. The paper 
was held horizontally its ends frame. The compartments were 
each moistened with 0.05 ml. 0.9% saline and allowed dry room 
temperature. series dilutions the protein sample (at concentra- 
tions 1.0, 0.8, 0.6, 0.4, 0.2, 0.1, taking the original sample concentra- 
tion 1.0) were made 0.9% saline. Exactly 0.04 ml. these solutions 
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was applied, one each the compartments the filter paper, using 
calibrated blood pipet. The sample was applied the center 
compartment and was sufficient amount ensure thorough and 
even wetting the paper. Because the silicone barriers, the samples 
were confined strictly within single compartments and the edges the 
protein patterns were sharp. The strip was allowed remain uncovered 
room temperature for minutes and then placed the oven 105° 
for minutes, still horizontally supported. The dried paper was then 
stained described. 


Stripe Method 


filter paper strip was damped with 0.9% saline and lightly blotted 
remove excess. The strip was then placed across wire frame consisting 
parallel wires cm. apart stretched across laboratory wire basket. 
each wire was dry filter paper circle (Whatman No. 
diameter) sharply folded form inverted The action the frame 
was drain saline from the transverse lines the paper strip contact 
with the frame. number 2-fold dilutions the protein sample 
0.9% saline were made and exactly 0.02 ml. these dilutions were ap- 
plied means pipet the paper strip centrally between the wires 
the frame transverse stripes. The effect the moisture gradient 
produced the strip was spread the stripes laterally, producing 
gradual increase protein concentration towards the center the 
stripe. Care was taken that the stripes were evenly applied and con- 
stant length. The pattern was allowed become almost dry the air 
and then heated 105° for minutes the oven. The dried paper was 
stained described. 


Dyeing 


Amidoschwarz 10B (Bayer) and azocarmine (Gurr) were employed 
Amidoschwarz was used saturated solution (about 1.5% 
w/v) 10% acetic methanol, and azocarmine 0.75% 
solution 10% acetic acid-45% methanol-45% water. Staining was 
for minutes room temperature. The background color was washed 
away with 10% acetic acid-90% methanol, and the case amido- 
schwarz the further washing described Rees and Laurence (9) was 
used. The strips were washed finally with methanol and dried 105° 
for minutes both cases. 


Gurr, Ltd., London. 


(b) 


ar 


Fig. Protein patterns filter paper the wedge and stripe methods with the cor- 


responding densitometer tracings: 
method. 


(a) and the wedge method; 
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and 


the stripe 
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Oiling 

The oil applied was mixture part a-bromonaphthalene 
(B.D.H.) and parts liquid paraffin (B.P.). This mixture parts) 
was diluted with xylene parts) and sorbital mono-oleate (Croda) 
was added bind the oil the paper. The paper strips were drawn 
through pool the oil glass plate that the oil was taken 
the paper from the lower surface only, avoid trapping air bubbles. 
The oiled paper was then slightly bowed and stood upright longer 
edge flat filter paper sheet drain. After minutes, most the 
xylene had evaporated and the paper was lightly oiled, yet could sub- 
ject slight pressure without exuding oil. 


Scanning 


The automatically recording densitometer described Laurence (10), 
was used examine the oiled papers. The paper was placed holder 
and covered with thin glass plate hold flat. was then driven 
between illuminated slit and photocell constant rate and the 
optical density was obtained from the photocell response and plotted 
Murday type recorder? recorder paper moving the same rate. 


Calibration Densitometer 


The densitometer was calibrated using calibration strip 
35-mm. film, which neutral filter step wedge, with which individual 
calibration chart optical densities provided the manufacturers. 
order obtain accurate calibration for low densities, the 
Ilford wedge was cut into segments. The central segment containing 
reference mark identify the calibration chart was used re- 
cording with both the higher and the lower density segments ap- 
propriate scales amplification. Deflections for the densest segment 
(M) were noted microammeter, which independent amplifica- 
tion used the recording. The corresponding microammeter deflections 
(m) for any given segment could obtained measuring the deflec- 
the recorder chart millimeters (d) and using Equation 


Md/D 


where the deflection the densest segment millimeters. this 
vay calibraton curve the reading the microammeter related 
optical density was obtained. This curve could used obtain the 
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optical density scale for any given recording subsequent work. The 
microammeter deflection corresponding the densest part recording 
was noted and from this the deflections for all parts could calculated 
using Equation These microampere deflections could then converted 
optical densities using the calibration curve. 


Specifications the Densitometer 


The following characteristics the recording densitometer must 
mentioned the present context. The light source 6W, festoon 
lamp with linear filament about cm. long, and the light from this 
filament converges the slit 0.5 mm. through double plano- 
convex molded condenser lens system. The lens system 6.5 cm. 
diameter and 2.5 cm. thickness, the lamp cm. from the nearest 
face the lens, while the slit 7.5 from its nearest face. The light 
falls the slit convergent beam and focused the filter paper 
strip give sharp image about 1.8 cm. 0.25 mm. the window 
the holder carrying the filter paper allows only the central 1.8 cm. the 
cm. wide filter paper strip scanned. The light passes through the 
paper strip and through light filter, received the photocathode 
R.C.A. 931-A multiplier photocell (cathode dimensions, 1.0 
0.3 cm.) parallel the slit and about cm. from it. mirror placed 
between the lens system and the slit deflects the beam through right 
angle order conserve space. 


Light Filters 


The light filters used this work were follows. For amidoschwarz 
10B, Ilford gelatine filters Mercury Yellow (one thickness) and 
Red Absorbing (two thicknesses) were combined with neutral 
filter density 0.5. For azocarmine the Ilford gelatine filter Bright 
Spectrum Yellow-Green #625 was combined with neutral filter 
density 0.8. 


Removal Oil 


The oil was removed from the papers after scanning, using 1:1 
mixture acetone and ether. 


Planimetry 


The Ott was used throughout. the wedge method, the 
area the sharply defined protein-containing regions was measured. 


and Hobein, Munich, Germany. 
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the stripe method, the area the densitometer tracing above the 
base line was measured. 


Elution 


Experiments relating surface concentration amount protein with 
optical density the dyed protein complex have direct relation with 
the requirements the scanning technic. These experiments nevertheless 
can further analyzed adding elution procedure. this way 
possible obtain the dye free solution where there doubt that 
Beer’s lawis obeyed, provided suitable light filter used. comparing 
the density the eluted dye with the amount protein from which 
eluted, the relationship dye uptake with amount protein can 
tested. colorimetric comparison the density eluted dye with the 
density dye determined situ the filter paper relates optical 
density with surface concentration the dye. After removal the oil, 
the colored segments from strips prepared the wedge method were 
cut out and extracted into ml. suitable solvent, and the dye con- 
centration estimated Gallenkamp photoelectric colorimeter. For 
amidoschwarz 10B the solvent was phenol saturated with water and 
containing anhydrous sodium acetate, Ilford filter Spectrum 
Orange being used for the estimates. For azocarmine the solvent 


200 


100 


1.0 2.0 3.0 4.0 


Fig. Calibration curve for the automatically recording densitometer. 
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was 0.10N sodium hydroxide, and Ilford filter Bright Spectrum 
Blue Green was used. 


RESULTS 

calibration curve for the recording densitometer given Fig. 
This shows that between densities and 1.5, the deflection the 
densitometer linear with optical density within per cent, but that 
above density 1.5 curvature upwards appears. most the data 
given this section will refer the linear region response the 
data have been plotted scale linear for microamps and the optical 
density scale which the same ordinate therefore somewhat ex- 
panded above density 1.5. 


Wedge Methods 
Amidoschwarz Staining 


Figs and show results from the wedge method plotted the stand- 
ard manner. Figure shows results with separate wedges prepared from 
serum sample with equal concentration albumin and globulins 
and amidoschwarz 10B staining. The data are accordance with Beer’s 
law. Fig. the results from series wedges stained with amido- 
schwarz are plotted and this case the variation between strips has 
been removed, leaving only the variation within the strips. This has 
been done plotting the best straight line for each wedge separately 
and then adjusting the protein concentration scales that these lines 
are superimposed. The scale protein concentration was then average 
for all the wedges. Again Beer’s law confirmed optical density 
1.4, but above this density there are number large but inconsistent 
departures from the law the expected direction. 


Azocarmine Staining 


The results for azocarmine wedge are plotted Fig. this 
case all the segments the wedge were eluted and therefore corre- 
sponding sets results are available—optical densities paper, colorim- 
eter readings solution after elution, and amounts surface con- 
centrations protein. Each pair the sets has been compared and 
each case there linear result. These results confirm Beer’s law 
optical density 1.1 for azocarmine staining and also confirm that the 
dye uptake proportional amount protein added and that Beer’s 
law obeyed for the dye the paper strip well for the protein 
estimated dyeing. 


) 
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100 
SURFACE PROTEIN CONC. 


AMIDOSCHWARZ 


Fig. Optical density related surface protein concentration. Results with wedges. 
(Amidoschwarz staining) 


AMIDOSCHWARZ 


100 200 


Fig. Optical density related surface protein concentration. Results with wedges. 
The interwedge variation has been removed. (Amidoschwarz staining) 
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COLORIMETER 
READINGS 
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RELATIVE 


(b) 


300 SURFACE 


COLORIMETER 
READINGS 
(C) 
100 


AREA 


Elution experiments with azocarmine (a), linearity dye uptake with amount 
protein added the paper; (b), optical density related surface protein concentration; 


(c), amount dye eluted related dye estimated situ the paper densitometry. 
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Beer’s law was also confirmed for bovine serum albumin tested for 
densities 1.0 using amidoschwarz staining, and elution experi- 
ment was also made for amidoschwarz staining with linear result, 
similar that Fig. 


Effect Oiling and the Light Filter 


Fig. shows the results with amidoschwarz 10B wedge omitting 
the oiling procedure scanning the dry paper and omitting the light 
filter. the former case the neutral 0.5 density filter was removed and 
the latter case neutral 1.2 density filter was added order restore 
the light intensity the usual value. the dry paper scanned 
general increase about 3-fold optical density occurs due 
multiple reflections the dry paper Laurence (10); Price and Ash- 
man (12)]. Also the increase greater for low than for high densities 
and curvature downward results overestimation low densities. 
This effect has been noticed Grassmann and Hannig (7). the light 
filter omitted, the optical density decreased about 2-fold due the 


AMIDOSCHWARZ 


100 


Fig. Results without oiling and without light filter: (a), oiled paper with light filter; 
(b), dry paper with light filter; (c), oiled paper with filter. (Amidoschwarz 10B staining) 
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inclusion less absorbed spectral regions the incident light. The 
expected curvature downward not apparent this curve, which how- 
ever shows positive intercept the density axis found Wenzel 
and Hanson (13). This latter deviation from Beer’s law was not con- 
sistently obtained without light filter and difficult explain. 

order check that the light filter used was sufficient counteract 
the pronounced sensitivity the photocell blue light, new filter was 
constructed, containing three thicknesses the Ilford Mercury Yellow 
808 gelatine sheet, two thicknesses the Red Absorbing 802, and 
neutral 0.2 density filter. differences could detected between the 
results with the normal and with the new filter. 

clear from these results that the optical density obtained for any 
wedge depends the light filter and oiling procedure used, well 
the surface protein concentration. Therefore, order specify the 
range over which linearity found necessary give details both 
optical density and protein concentration. 


Results with Direct-Reading Scanner 


comparison has also been made the results from amidoschwarz 
wedge scanned the recording scanner and commercial direct 
reading scanner with logarithmic scale fitted with barrier layer 
but with light filter. linear result was obtained with either scanner, 
but with the commercial instrument the densities obtained were about 
per cent less than with the recording instrument. With the commercial 
instrument comparison was made between the wedges oiled de- 
above and oiled removing all air the paper immersed 
the oil, using rotary oil pump. Full oiling the paper resulted 
further decrease per cent the optical density. 


Stripe Method 


Figure shows results with the stripe technic. set protein solu- 
tions was prepared serial 2-fold dilutions plasma sample. The 
results scanning the four corresponding protein stripes should areas 
the ratio 8:4:2:1. equating the largest area the deviations 
the smaller areas from the expected and are shown the form 
histogram. There systematic deviation from the expected values 
and the scatter the results more than would expected with 
this technic. The peak density the filter papers prepared this 


Evans Electroselenum Ltd., Harlow, Essex, England. 
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8-FOLD DILUTION 
EXPECTED 


4-FOLD DILUTION (MEAN= 


EXPECTED AREA 


AREA 


MEASURED 
2-FOLD DILUTION 
EXPECTED AREA 
AREA 


(MEAN 


Fig. Results with the stripe method. Deviations from expected ‘‘scale The 
results shown are observations for each dilution. The areas are standardized that the 
area the undiluted sample equals units. (Amidoschwarz 10B staining) 


method varied between 0.9 and 1.3. Although the stripe method 
preferred test the dynamic response the recording system, 
less critical test Beer’s law than the wedge method, only small 
part the total stained area near the peak density. 


DISCUSSION AND CONCLUSIONS 


The results obtained here consistently failed show deviations from 
Beer’s law for optical densities less than 1.4, and the use scanning 
convenient method for differential protein estimations would appear 
justified. The methods described may enable other workers make 
similar tests the method with minimum preliminary development, 
and some may succeed obtaining significant failure Beer’s law 
their apparatus. The use apparatus this type would enable the 
variation the deviations with arrangement the optical system, 
worked out, but the following experimental conditions are already 
known lead significant deviations: 
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Use dry paper instead lightly oiled paper. 

inadequate light filter for the photocell. 

illuminated slit too long completely covered the protein 
pattern. 

Variations protein density over the slit, either because the slit 
too wide because the protein pattern has been applied unevenly. 

Use low quality filter paper containing 

dye uptake which not proportional protein content the 

paper [Martin and Franglen (14)]. 

The failure Crook, Harris, and Warren (4) substantiate Beer’s 

law does not indicate the most general situation for the application 

the scanning method. 


or 


SUMMARY 


The application Beer’s logarithmic law the scanning dyed 
protein patterns has been investigated methods described detail. 
deviations could found for optical densities less than 1.4 for 
amidoschwarz 10B less than 1.1 for azocarmine staining. The 
scanning method can used for evaluation protein fractions care 
taken. 
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p-Toluenesulfonic Acid, Cholesterol Deter- 
mination, and Explosions 


Betty Jones and Ferrin Moreland 


HAVE BEEN USING the method Pearson, Stern, and 
(1) for the determination cholesterol for some time. has proved 
convenient and accurate procedure and the reaction had always gone 
smoothly. One day recently, however, the tubes were set for the de- 
termination usual, using freshly prepared solution 
acid. Solutions made from the same bottle solid acid! had previously 
been used with smooth results. However, this occasion, minute 
two after the serum, acetic acid, p-toluenesulfonic acid solution, and acetic 
anhydride were measured into the tubes and not mixed, series explo- 
sions occurred and most the contents was blown out the tubes. The 
serum blank and its zero reference tube, not containing acetic anhydride, 
did not blow up. fresh solution p-toluenesulfonic acid was prepared 
from the same solid used above, with repeat performance the explo- 
sions. new solution made from different batch solid? gave smooth 
results. Unfortunately the offending p-toluenesulfonic acid was discarded 
before could analyzed determine the change which caused the 
trouble. cursory examination the bottle solid reagent had appeared 
somewhat moist, particularly the inside the screwcap. 

This note not intended discourage use the Pearson, Stern, and 
McGavack method, which still our method choice for determining 
total cholesterol, but merely advise caution keeping away from 
above the tubes after the reagents are added, when new solution 
p-toluenesulfonic acid first used. might well set the rack 
tubes under shelf cover them with board immediately after the 
components are pipeted in, when unproved solution used. 


REFERENCE 
Pearson, Stern, and H., Anal. Chem. 25, 813 (1953). 


Present addresses: J., 203 Hermann Professional Bldg.; M., Biochemistry De- 
partment, Baylor University College Medicine; Houston, Texas. 

Received for publication June 29, 1955. 

984 (this sample had been our laboratory for about month). 

Matheson Pract. 2736 (this sample had been another laboratory for over years). 
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INTERNATIONAL CONGRESS 
CLINICAL CHEMISTRY 


The Executive Committee the 


American Association 
Chemists has approved arrangements 
for International Congress 
Clinical Chemistry held New 
York City during the week Septem- 
ber 1956. The Congress will bring 
together eminent scientists from all 
over the world, program designed 
exhibit the contributions out- 
standing clinical chemists both here 
and abroad. 

Albert Sobel, Chemist the 
Jewish Hospital Brooklyn and 
Adjunct Professor Biochemistry 
the Polytechnic Institute Brooklyn, 
well past president the As- 
sociation, has been appointed co- 
ordinating chairman the Congress. 
Committees will announced they 
are selected. 

tentative program will soon 
published and will consist symposia 
and contributed papers. Members 
the Association and our overseas 
colleagues are urged make plans 
attend this Congress and participate 
the scientific and social programs 
arranged. 


ERNST BISCHOFF AWARD 


The 1955 Ernst Bischoff Award has 
been presented Michael Sullivan, 
Professor Biochemistry the 
Georgetown University Washington, 


The presentation was made 
the annual dinner the Association 
September 15, 1955, Minneapolis, 
Minn. 


SEVENTH ANNUAL MEETINGS 


The Seventh Annual Meetings the 
American Association Clinical Chem- 
ists were held Minneapolis from 
September 1955. The scientific 
program was participation with the 
Division Biological Chemistry 
the AMERICAN CHEMICAL ,SOCIETY, 
has been every previous annual 
meeting the Association. report 
the highlights the meetings will 
appear the next issue CLINICAL 
CHEMISTRY. 


REPORTS FROM THE SECTIONS 
Southern California 
Dubbs 


The fourth symposium the season 
was held April 1955, the Los 
Angeles County Hospital. 
Redeker, M.D., and Bergren, 
Ph.D., the University Southern 
California Medical School, discussed 
clinical and analytical aspects 
porphyrins, especially coproporphyrin, 
porphyrobilinogen, and the uropor- 
phyrins. Isolation and fractionation 
methods were described, including 
paper ionophoresis and chromatog- 
raphy paper and columns 
alumina and Florisil. 
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The final meeting, held June 
1955, the Carolina Pines Restaurant, 
featured election new officers. Rex 
Sterling, Ph.D., chemist, Los Angeles 
County Hospital, succeeded Dr. 
Carne chairman. Kenneth 
Johnson, Ph.D., Chaney Chemi- 
cal Laboratory, was elected program 
chairman well chairman-elect 
succeed Dr. Sterling. Roscoe 
biochemist, Veterans Ad- 
ministration Center, Los Angeles, was 
elected secretary-treasurer succeed 
Maxine Wertman. 

result the California attorney 
general’s opinion [Clin. Chem. 
134, (1955)] that special licensure for 
clinical chemists not permitted the 
California Clinical Laboratory 
this local section has begun efforts 
toward obtaining corrective legislation. 


Texas 


The Texas Section the American 
Association Clinical Chemists 
sponsoring symposium and session 
contributed papers the American 
Chemical Society Southwest Regional 
Meeting held Houston, Texas, 
December 1955. The symposium 
tentatively titled 
Methods Clinical Pre- 
liminary announcement the meeting 
was made Chemical and Engineering 
News, August 15, page 3417. This ACS 
weekly will carry the final program. 
dinner meeting also planned 
one the events. 

All clinical planning 
attend the meetings are requested 
notify the Chairman, Dr. Ferrin 
Moreland, Department Biochem- 


THE CLINICAL CHEMIST 


347 


istry, Baylor University College 
Medicine, Houston, Texas. 


PRINCIPLES LEGISLATION 


The following reprinted with 
permission the AMERICAN CHEMICAL 
from the Chemical and Engi- 
News [33, 3105 
appeared part the Board 
Directors Minutes the AMERICAN 
Socrery 
eight basic principles for legislation. 
The Committee Chemistry 
meeting Cincinnati during April 1-2, 
1955, prepared the statement. The 
Committee consists Max Fried- 
man, Joseph Gast, Rollo Harger, 
John Reinhold (chairman), Joseph 
Routh, Bradford Stanerson, 
Arnold Ware, and Hans Zinsser. 


Principles Legislation for Regulation 
the Practice Clinical Chemistry 


1953, the ACS Committee Clinical 
Chemistry presented the Board Direc- 
tors for approval statement principles 
legislation for regulation the practice 
clinical chemistry; action was taken. 
The report was published with request 
for comment. 

The committee has given careful con- 
sideration the communications received. 
revised statement was presented the 
Board Directors June 1955. Its ac- 
tion given Minute 13. accordance 
with the instructions therein, the following 
published: 

This report has not been endorsed 
the Board Directors nor have the eight 
numbered principles for legislation been 
approved. published for the purpose 
eliciting comment. Letters should 
sent John Reinhold, Pepper Labora- 
tory Clinical Medicine, University 


Pennsylvania, Philadelphia Pa., with 
copies the Executive Secretary the 
ACS, 1155 Sixteenth St., W., Wash- 
ington 


Principles Legislation for Regulation the Prac- 
tice Clinical Chemistry—Drafted the Commit- 
tee Clinical Chemistry the American Chemical 
Society. 


The primary objective legislation 
regulate the practice clinical chem- 
istry the protection the public health. 

II. Clinical chemistry the practical ap- 
plication chemical science for the pur- 
pose providing factual data authorized 
persons for use evaluating the state 
health cause death. 

III. license practice clinical chem- 
istry must based good character and 
high standards professional competence. 
The competence clinical chemist 
should judged his ability chem- 
istry. should not compelled 
qualify other disciplines order 
practice clinical chemistry. duly licensed 
clinical chemist may perform venipuncture 
skin puncture for test purposes upon 
specific authorization from any person 
with authority granted under any pro- 
visions law relating the healing arts. 

IV. Legislation regulate the practice 
clinical chemistry should require 
qualifications: (1) During the first 
five years after the act becomes effective, 
(a) graduation with chemistry major 
from four-year course college 
university approved for training chem- 
jstry the examining board, (b) mini- 
mum five years practical experience 
laboratory approved for training 
clinical chemistry the examining board. 
(2) Five years after the act becomes effec- 
tive and thereafter, licenses should 
issued only those having (a) earned 
doctorate, from college university 
approved the examining board, 
chemical science, biological science, 
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Clinical Chemistry 


medicine public health, provided train- 
ing chemistry sufficient establish 
competence assured, and (b) one year 
practical experience laboratory ap- 
proved for training clinical chemistry 
the examining board. (3) Persons meeting 
the requirements education and good 
character shall addition demonstrate 
their competence clinical chemists 
passing examination. (4) Persons who 
have directed laboratory clinical chem- 
istry within two years before the date the 
act takes effect shall considered eligible 
practice clinical chemistry without ex- 
amination. 

Provision should made for the 
supervision licensed clinical chemists 
chemical work done laboratories where 
work related health (clinical labora- 
tories) for periodic evaluation the 
work such laboratories authorized 
agency such the State Board Health. 

VI. Authorization practice clinical 
chemistry shall include the right direct 
laboratory restricted clinical chemis- 
try. Authority direct clinical labora- 
tory embracing other branches labora- 
tory science should granted only 
those qualified each. However, practice 
should restricted those fields which 
scientific director has qualified. 

VII. majority the members 
board for examining candidates and for 
administration act for the regulation 
clinical chemistry should clinical 
chemists. Legislation which covers several 
specialties related health should recog- 
nize these board appointments. Because 
the importance clinical chemistry 
among the laboratory sciences related 
health, the board administering general 
act should include clinical chemists. 

VIII. The requirements outlined shall 
not apply employees federal, state, 
municipal governments scientists 
whose work consists primarily research. 
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AAAS CLINICAL CHEMISTRY SYMPOSIUM 


Albert Sobel, Program Chairman 
for the Association scientific par- 
under the auspices the subsection, 
the American Association Clinical 
Chemists, participating the Atlanta 
Meeting the American Association 
for the Advancement Science, an- 
nounced the following program for the 
meetings. 

The Symposium, entitled ‘Recent 
Concepts Clinical Chemistry,” will 
held the Dixie Ballroom the 
Henry Grady Hotel, Atlanta, Ga., 
Monday, December 26, 1955. 


Symposium Program 


Opening Remarks the Chairman, 
Albert Sobel, the Jewish Hospital 
Brooklyn, 

Role the Clinical Chemist the 
Hospital— Joseph Gast, Baylor 
University College Medicine, Hous- 
ton, Texas 

New Concepts Acid-Base Balance 
—Samuel Natelson, Memorial Hos- 
pital, Rockford, 

Studies Lipid Metabolism—D. 
Zilversmit, University Ten- 
nessee, Memphis, Tenn. 

Blood Proteins—Henry Kunkel, 
Rockefeller Institute, New York, 


Meeting Program 


Symposium: Concepts 
Clinical December 26, 
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1955, p.m., Henry Grady Hotel, 
Ballroom. 

AACC Dinner: December 26, p.m., 
Henry Grady Hotel, Dixie Ballroom. 
Contributed Papers: December 27, 
a.m., Henry Grady Hotel, Room 
Contributed Papers: December 27, 

p.m., Henry Grady Hotel, Room 


LECTURING ABROAD 

Harry Sobotka, Mount Sinai Hos- 
pital, New York City, visiting the 
Near East during September and Oc- 
tober. will give number lectures 
and hold conferences subjects 
physical biochemistry the Univer- 
sity Athens and the National Tech- 
nical University Athens, Greece, 
the University Ankara and Istan- 
bul, Turkey, and the University 
Jerusalem and the Weizmann Insti- 
tute Rehovot, Israel. 


NEW CATALOGUE SUPPLEMENT 

The Arthur Thomas Company, 
Philadelphia, Pa., announces publica- 
tion 264-page supplement their 
1472-page general catalogue. The Sup- 
plement follows the tradition the 
catalogue and provides factual, de- 
tailed, and up-to-date listings 
items added their stock since pub- 
lication the catalogue 1950. Also 
included price list covering all 
current items both catalogue and 
supplement. 


ERRATUM 


the article, Note Quantitative Urobilinogen Deter- 
Bernard Balikov, Vol. (August 1955), the 


abscissa label Fig. page 265, should read “2% glacial 
acetic acid assumed yield 100% recovery.” 


ABSTRACTS 


Editor: ELLENMAE VIERGIVER. Contributors: ANNINO, GLADYS 
HERAERT THOMPSON 


Uptake radioactive iodine the thyroid patients with impaired 
Dobyns. (Western Reserve University School Medicine, Cleveland, Ohio) 


The thyroidal uptake was per cent higher patients with 
liver disease without evidence thyroid disease. Among the patients with liver 
disease, elevated thyroidal uptakes were associated most frequently with 
spider angiomata, jaundice, and microscopic evidence severe cellular liver 
damage. correlation could established between elevated thyroidal 
uptakes and either the presence ascites the results any single test for 
liver function. 

spite the elevated uptakes the thyroid patients with liver 
disease, there was evidence increased production thyroid hormone, either 
clinical findings the basal metabolic rate, the serum protein-bound iodine 
level, the height thyroid cells. Although abnormal kidney function may 
present patients with cirrhosis, the normal urinary excretion radioiodine 
found sample patients this series indicates that renal disturbance the 
time the tests was not the case the elevated thyroidal Clin. 
Endocrinol. Metab. 14, 1287 (1954). 


The influence single doses propylthiouracil the kinetics iodine 
accumulation the thyroid glands normal and hyperthyroid sub- 
jects. Ingbar (Walter Reed Army Medical Center, Washington, C.) 


evaluation was made the influence propylthiouracil single doses 
25, and 100 mg. the intrathyroidal mechanisms hormone formation 
euthyroid and hyperthyroid patients. reduction the ability the 
gland concentrate inorganic iodide was observed. diminution the thy- 
roidal rate transfer iodide from the plasma into the glandular hormone pool 
occurred all patients the result inhibition the rate protein binding 
thyroidal iodide. The magnitude the inhibitory effect was found pro- 
portional the control level the protein-binding rate and the dose anti- 
thyroid agent Clin. Endocrinol. and Metabolism 15, 331 (1955). 

(M. R.) 
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Sti Vashing 


PAYS FOR 


ITSELF 


WASHES AND DRIES HYPODERMIC SYRINGE 
ASSEMBLIES, CULTURE TUBES, SAMPLE BOTTLES 
AND PETRI DISHES Automatically! 


CABINET MODEL 
11245-10, $484.95 


Special Purpose Labwasher also 
available. Designed provide cold 


water and distilled water rinsing! 


UNDER-COUNTER MODEL 
$464.95 


PROVED SUCCESSFUL OPERATION BLOOD BANK 
LABORATORIES 


SAVES VALUABLE MAN HOURS SAVES UPTO 50% ANNUAL 
WASTED HAND WASHING. GLASSWARE BREAKAGE. 


ACCOMMODATES OVER 90% REMOVES DIFFICULT CLEAN 
ALL LABORATORY GLASS- WASTE MATERIAL. 
WARE. 


Write for Bulletin LAB for complete descriptive 


Literature the CRC Labwasher Bulletin LA-12 
which gives details our Special Purpose model. 


LABORATORY FURNITURE LABORATORY SUPPLIES 
SCIENTIFIC EQUIPMENT ANALYTICAL CHEMICALS 
HANDBOOK CHEMISTRY AND PHYSICS 


CHEMICAL RUBBER CO. 
2310 SUPERIOR AVENUE CLEVELAND 


FOR MORE RAPID IDENTIFICATION 
DERMATOPHYTES 


MYCOPAPER 
MEDIUM 


Sabouraud’s medium may cultured and 


more effectively this new 


Paper Medium. 

GROWTH this new medium appears 
earlier and pigment, any, appears sooner 
and more clearly defined the reverse 
white side. Identification this medium 
can generally made about 2grds the 
time required for Sabouraud’s medium. 
New culture medium will last practically 


indefinitely and needs refrigeration. 


Uninoculated Gypseum 


May simply reactivated, when dry, 
the addition medicine dropper full 


sterile water. contains antibioties. 


All colonies remain and generally 
not overgrow one another. This 
considerable importance 
nants saprophytes are present. Bacterial 
growth also inhibited and localized 
this new medium. 

Cultures may preserved more effectively 


for record and display purposes 


Purpureum Albicans 


DIRECTIONS: Store cool place. Refrigeration unnecessary. 
Inoculate the usual manner with exudate scrappings the 


lesion involved, keeping cap loose. Incubate room temperature 
and examine after several days for evidence growth. When 
growth obtained, examine reverse white surface for pigment. 


ORDER TODAY 


Street 


LABORATORY APPARATUS AND CHEMICALS 
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